SAS Application Service 



The invention is based on a priority application EP 03290703.2 which is hereby 
incorporated by reference. 

TECHNICAL FIELD OF THE INVENTION 

This invention is related in general to the field of telecommunications systems. More 
particularly, the invention is related to a SS7 signaling server and method for routing 
SS7 links in a telecommunications network. More particularly, the invention is related 
to a SAS Application Service. The invention is related to the european patent 
applications EP 02360267.5 and EP 02360268.3 which hereby are incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

A SS7 signaling server for routing SS7 links includes a signaling transfer point (STP) 
and a signaling application server (SAS). The SAS is capable to process at least one 
application process. Each application process, e.g. on individual INAP, MAP, CAP, or 
any TCAP User, TCAP Relay, or SCCP Relay service request has to be identified and 
processed. 

The SS7 signaling server for routing SS7 links, includes e.g. a signaling transfer point 
(STP) and a signaling application server (SAS); SS7 = Signaling System No. 7. STP 
and SAS have different functionalities. The STP has at least one external interface to 



connect the STP via at least one SS7 link to at least one telecommunications unit, and 
an internal interface to connect the STP to the SAS. The STP processes incoming SS7 
messages, e.g. in the MTPl , MTP2, MTP3, and SCCP layer. The SAS is capable to 
process at least one application service request, advantageously at least two different 
application service requests. The STP identifies a single application service request in 
one incoming SS7 message and provides the identified single application service 
request to the SAS for further processing. The SAS has e.g. two TCAP processes to 
identify two different application services, e.g. INAP and MAP. STP and SAS are 
interconnected via an internal interworking protocol, e.g. using TCP/IP (transmission 
control protocol/internet protocol). The interworking protocol is called Advanced 
Signaling Transport Protocol (ASTP). 

The signaling server is e.g. highly configurable and efficient regarding run-time. The 
signaling server is capable of processing multiple application service requests, e.g. 
mobile number portability (MNP), service number portability (SNP), screening, 
intelligent network (IN) services, TCAP services, MAP services, CAP services, TCAP 
Relay, TCAP User Relay, SCCP Relay. 

The SS7 signaling server for routing SS7 links, includes e.g. a signaling transfer point 
(STP) and a signaling application server (SAS), 

wherein the STP has at least one external interface to connect the STP via at least one 
SS7 link to at least one telecommunications unit, and an internal interface to connect 
the STP to the SAS, 

wherein the SAS is capable to process at least one service requst, advantageously at 
least two different application sen/ice requests, and 

wherein the STP is capable to process incoming SS7 messages, to identify a single 
application service request in one incoming SS7 message, to provide the identified^ 
single application sen/ice request to the SAS for further processing. 
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SUMMARY OF THE INVENTION 

It is an object of the invention to provide on advantageous method to process a SAS 
Application Service request. 

An inventive method to process a SAS Application Sen/ice request includes the steps 
of: performing an Inbound Message Analysis, performing a Sen/ice Decision, 
performing an Outbound Message Synthesis, wherein the Inbound Message Analysis 
includes an Application Specific Inbound Protocol Check, an NoAl (Nature of Address 
Indicator) Analysis and an Inbound Digit Analysis, wherein the Service Decision 
includes a Database Search and an Application Specific Evaluation of Database 
Search Indications, and wherein the Outbound Message Synthesis includes generating 
an Output Digit String making use of an application specific Output Digit String 
Configuration Table, which includes the parameter SAS Application Service Id and at 
least one of the following parameters: Output Digit String Id, Auxiliary Number 
Name, Nature of Address Indicator, Auxiliary Number Presence, Auxiliary Number 
Position. 

In a preferred embodiment of the invention the Outbound Message Synthesis includes 
generating an Output Digit String making further use of at least one Outbund 
Processing Configuration Table, which includes the parameter SAS Application Service 
Id and at least one of the following parameters: Number Type, Portability Status, 
Inbound NoAl Value, Response Action Id, Output Digit String Id. 

In a further preferred embodiment of the invention the Service Decision further 
includes a Generic Loop Detection Analysis making use of at least one application 
specific Loop Detection Configuration Table, which includes the parameter SAS 
Application Sen/ice Id and at least one of the following parameters: SAS Database Id, 
SAS Database Table Id, Number type. Portability Status, Loop Detection state and 
Action. 

Advatageously the Database Search is performed in a Single Number Table and 
subsequently in a Range Number Table if the Single Number Table query indicates a 
NO MATCH or an Error in the Single Number Table. 
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The invention can be used for a variety of services: 

In a first embodiment the SAS Application Service is INAP based Number Portability, 
and the Output Digit String Configuration Table includes INAP based Number 
Portability Ids (MNP-INAP-O-VM-INA^. 

In a second embodiment the SAS Application Service is SRI (Send Routing Information) 
terminating Number Portability, and the Output Digit String Configuration Table 
includes SRI terminating Number Portability Ids (MNP-SRIt-O-VM-IW). 

In a third embodiment the SAS Application Sen/ice is MAP Forv/ard Short Message 
Access Screening, and the Output Digit String Configuration Table includes Forward 
Short Message Access Screening Ids (MAP-FSM). 

In a fourth embodiment the SAS Application Service is Fixed SCCP Routing, and the 
Output Digit String Configuration Table includes Fixed SCCP Routing Ids (FNP-SRF). 

In a fifth embodiment the SAS Application Service is CAP IDP Relay Mobile Number 
Portability, and the Output Digit String Configuration Table includes CAP IDP Relay 
Mobile Number Portability Ids (MNP-CAP-RELAY-IW). 

In a sixth embodiment the SAS Application Service is INAP IDP Relay, and the Output 
Digit String Configuration Table includes INAP IDP Relay Ids (I NAP- 1 DP-RELAY- 1 AV). 

In a seventh embodiment the SAS Application Service is Mobile SCCP Routing, and the 
Output Digit String Configuration Table includes Mobile SCCP Routing Ids (MNP- 
NCR). 

The inventive method could be implemented using different kind of hardware and 
software equipment, e.g.: 

An inventive Signaling application server (SAS) comprises at least one processor, at 
least one database and at least one processing software for processing at least one 
application service request, wherein the at least one processing software is 
programmed in such a way that identifying and processing at least one application 
service request is enabled - including e.g. a signaling connection control part (SCCP) 
process and/or at least one transaction capabilities application part (TCAP) process to 



identify at least one application service request and wherein processing a SAS 
application service, comprises the steps of: 

performing an inbound message analysis, 

performing a Service Decision including a database search, 

performing an Outbound Message Synthesis including generating an Output Digit 
String making use of an application specific Output Digit String Configuration Table, 
which includes the parameter SAS Application Service Id and at least one of the 
following parameters: Output Digit String Id, Auxiliary Number Name, Nature of 
Address Indicator, Auxiliary Number Presence, Auxiliary Number Position. 

An inventive SS7 signaling server for routing SS7 links, includes a signaling transfer 
point (STP), and a signaling application server (SAS), 

wherein the STP has at least one external interface to connect the STP via at least one 
SS7 link to at least one telecommunications unit, and an internal interface to connect 
the STP to the SAS, 

wherein the SAS comprises at least one processor, at least one database and at least 
one processing software for processing at least one application service request, 
wherein processing a SAS application service, comprises the steps of: 

performing an inbound message analysis, 
performing a Service Decision, 

performing an Outbound Message Synthesis including generating an Output Digit 
String making use of an application specific Output Digit String Configuration Table, 
which includes the parameter SAS Application Service Id and at least one of the 
following parameters: Output Digit String Id, Auxiliary Number Name, Nature of 
Address Indicator, Auxiliary Number Presence, Auxiliary Number Position, and 

wherein the STP is capable to process incoming SS7 messages, to identify a single 
application service request in one incoming SS7 message, to provide the identified 
single application service request to the SAS for further processing. 



BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, reference is mode to the 
acconnpanying drawings, in which: 

FIG, 1 shows the Generic Structure of a SAS Application Service; 

FIG. 2 shows Inbound Message Analysis including Inbound Address Analysis and 
Inbound Digit Analysis; 

FIG. 3 shows Service Decision; 

FIG. 4 shows G Database Search in E-164 and MSIN Based Single Number and 
Range Number Tables; 

FIG. 5 shows a flowchart of a Generic Loop Detection Analysis; 

FIG. 6 shows a flowchart of Generic Aspects of Outbouznd Message Synthesis; 

FIG. 7 shows a diagram of a query response scenario; 

FIG. 8 shows a diagram of a further query response scenario; 

FIG. 9 shows a diagram of a further query response scenario; 

FIG. 10 shows a diagram of a call steering scenario; 

FIG. 1 1 shows a diagram of a further call steering scenario; 

FIG. 12 shows a diagram of a further call steering scenario; 

FIG. 13 shows a Query Response Scenario - Without the SRF service; 
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FIG. 14 shows a further Query Response Scenario - Together with the SRF service, 
subscriber in foreign network; 

FIG. 15 shows a further Query Response Scenario (Unsuccessful) - Illegal MSISDN 
(containing no digits); 

FIG. 16 shows a further Query Response Scenario (Unsuccessful) - Any error in SAS 
service application; 

Fig. 1 8 shows a FSM Scenario for a Regular or Imported Subscriber; 

Fig. 19 shows a FSM Scenario for an Illegal Subscriber; 

Fig. 20 shows a Query Response Scenario - Direct Response; 

Fig. 21 shows a Query Response Scenario (Unsuccessful) - With SCCP UDTS; 

Fig. 22 shows a Query Response Scenario (Unsuccessful) - Continue With SCCP 
Routing; 

Fig. 23 shows a Relay Scenario (Successful); 

Fig. 24 shows an alternative Relay Scenario (Successful); 

Fig. 25 shows a Relay Scenario (Unsuccessful); 

Fig. 26 shows a Relay Scenario (Successful); 

Fig. 27 shows an alternative Relay Scenario (Successful); 

Fig. 28 shows a Relay Scenario (Unsuccessful); 

Fig. 29 shows a Query Response Scenario - Direct Response; 

Fig. 30 shows a Query Response Scenario - Terminate TCAP Dialogue (depending on 
portability status); 
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Fig. 31 shows a Query Response Scenario (Unsuccessful) - With SCCP UDTS; and 

Fig. 32 shows a Query Response Scenario (Unsuccessful) - Continue With SCCP 
Routing. 

DETAILED DESCRIPTION OF THE INVENTION 

The preferred embodiments of the present invention are illustrated in FIGS. 1-32, like 
reference numerals being used to refer to like and corresponding parts of the various 
drawings. 

First embodiment of the invention: 
INAP Based Number Portability 
Short description: 

This service embraces INAP NP (Number Portability) with optionally voice mail for both 
mobile and fixed network, which may request one or more digits if the number is 
either incomplete or ambiguous. All these combinations are configurable. 
The calling number of the INAP IDP message and optionally the additional digits of 
the ERB message are used to interrogate the subscriber database. The database 
contents and the configuration data are used to examine what kind of message is 
send and what number the message is filled with. 

Figure 1 depicts the SDL diagram of the Generic Structure of the INAP IDP Application 
Service. 

Figure 1 shows the Generic Structure of a SAS Application Service. 
The three stages of the Application Service: 



Inbound Message Analysis: 



9 



This stage starts with some service specific inbound protocol checks, e.g. decoded 
operation code, calling and called number size. If the values are ok, both numbers 
are extracted for further usage. 

The NoA (Nature of Address) is extracted from the calling address in the calling 
number field. 

Depending on the NoA a specific analyse string is chosen. That analyse string 
describes which auxiliary number parts are mandatory or optionally. Then the 
auxiliary number parts are analysed. If found and correct, then remove auxiliary 
number part from received E.164 or MSIN Based number and store it internally. 
E.164 is e.g. defined in ITU-T E.164, MSIN is e.g. defined in ITU-T E.212. This 
analysis is done step by step for each possible auxiliary number part. If ambiguous 
then one or more digits are requested, depending on service specific configuration 
items. When the analysis of the auxiliary number parts terminates successfully, then 
the second stage starts. Each auxiliary number part is to be stored in a record 
containing its name, its position, its value, and its presence. Inbound Processing is 
configured based on the specification of the received digit string and other application 
service specific configuration items. 

The inbound digit anaylsis makes use of an input digit string configuration table. The 
inbound digit analysis e.g. serves to analyse the called or the calling party address. 
The input digit string configuration table includes at least two of the following 
parameters: SAS Application Service Id, Input Digit String Id, Auxiliary Number Nome, 
Global Title Indicator, Nature of Address Indicator, Auxiliary Number Presence, 
Auxiliary Number Position. 

Figure 2 shows Inbound Message Analysis including Inbound Address Analysis and 
Inbound Digit Analysis. 

Service Decision: 

This stage analyses the core part of the received number in the Single Number and 
Range Number tables. Additional digits might be requested. The Extended Match 
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Indicator is to be used if required. Service Decision includes also Loop Detection. The 
Service Decision is executed dependent on configuration data items and the Transition 
Indicator, the Default/ Exception Indicator, and the Single Number Flag of the Single 
Number and Range Number tables. 



Figure 3 shows Service Decision. 

For those SAS Application Services that are required to search the E.164 or MSIN 
Based Tables for routing information, the following principles apply. The search of the 
E.164 or MSIN Based Tables constitutes the main service decision. Figure depicts the 
SDL diagram of the Service Decision. 

Database Search 

The Evaluation of Database Search Indications is a SAS Application Service specific 
matter, also the decision whether or not to perform another SAS Database search. The 
Application Specific Evaluation of Database Search Indications includes for instance 
actions like requesting additional digits in case the database search came back with 
an indication that the queried number was AMBIGUOUS. Both, the application 
specific evaluations and the decision for further database searches, depend on the 
SAS Application Service's service logic, configurable items such as "Open/ Closed 
Numbering Plan", "Block/ Single Number Dialling", "Request More Digits Yes/ No", 
and other things. 



Figure 4 shows a Database Search in E.164 and MSIN Based Single Number and 
Range Number Tables. 
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E.I 64 Single Number Table 


E.I 64 Number 


E.I 64 Number 
Value 


Number Type 


Portability 
Status 


Default / 
Exception 
Indicator 


Transition 
Indicator 


Extended Match 
Indicator 


Extended Match 
Length 


Service Control 
Data Slot-O 


Service Control 
Data Slot-1 


Service Control 
Data Slot-2 


9 


851230001 


MSISDN 


ONPO 


Exception 


Over 


Exact 


0 


SCDI-2 






9 


851230002 


MSISDN 


ONPO 


Exception 


Not Over 


Exact 


0 


SCDI-2 






9 


851230003 


MSISDN 


ONPO 


Exception 


Over 


Exact 


0 


SCDI-3 






9 


851230004 


MSISDN 


ONPO 


Exception 


Not Over 


Exact 


0 


SCDI-3 






9 


861230001 


MSISDN 


FNPI 


Exception 


Over 


Exact 


0 


SCDl-1 


SCDU4 




9 


861230002 


MSiSDN 


FNPI 


Exception 


Not Over 


Exact 


0 


SCDM 


SCDI-4 




9 


871230001 


MSISDN 


FNPI 


Exception 


Over 


Exact 


0 


SCDl-1 


SCDI-4 




9 


871230002 


MSISDN 


FNPI 


Exception 


Not Over 


Exact 


0 


SCDM 


SCDI-4 




9 . 


861230003 


MSISDN 


FNP2AFN 


Exception 


Over 


Exact 


0 


SCDI-3 






9 


861230004 


MSISDN 


FNP2AFN 


Exception 


Not Over 


Exact 


0 


SCDI.3 






9 


871230003 


MSISDN 


FNP2AFN 


Exception 


Over 


Exact 


0 


SCDI-2 






9 


871230004 


MSISDN 


FNP2AFN 


Exception 


Not Over 


Exact 


0 


5CDI-2 






The acronyms for the Portability Status are as follows: 

• ONNPO: Own Number Not Ported Out 

• ONPO: Own Number Ported Out. 

• FNPI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 

• FNNK2BP: Foreign Number Not Known To Be Ported. 



Table 1: E.164 Single Number Table for the Example. 



E.I 64 Range Number Table 


E.164 Number Start 


E.164 Number Start 
Range Value 


E.164 Number End 
Range Length 


E.164 Number End 
Range Value 


Number Type 


Portability Status 


Default / Exception 
Indicator 


Transition Indicator 


Single Number Flag 


Service Control 
Data Slot-O 


Service Control 
Data Slot-1 


Service Control 
Data Slot-2 


9 


850000000 


9 


859999999 


MSISDN 


ONNPO 


Default 


Over 


Range 


SCDI-l 


SCDI-4 




9 


860000000 


9 


869999999 


MSISDN 


FNNK2BP 


Default 


Over 


Range 


SCDI-2 






9 


870000000 


9 


879999999 


MSISDN 


FNNK2BP 


Default 


Over 


Range 


5CDI-3 






The acronyms for the Portability Status are as follows: 

• ONNPO: Own Number Not Ported Out 

• ONPO: Own Number Ported Out. 

• FNPI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 

• FNNK2BP: Foreign Number Not Known To Be Ported. 



Table 2: E,164 Range Number Table for the Example. 
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Service Control Data Table 


Service Control 
Data Id 


Service Control 
Data Function 


Service Control 
Data Type 


Service Control 
Data Length 


Service Control 
Data Value 


Address Info 
Present Mask 


NoAl 


Numbering 
Plan 


Cut Enable 
Mask 


Cut Offset 


Cut Length 


SCDI-1 


Insert 


INRN 


5 


17685 


Not Present 


NULL 


NULL 


Disabled 


NULL 


NULL 


SCDI-2 


Insert 


INRN 


5 


17686 


Not Present 


NULL 


NULL 


Disabled 


NULL 


NULL 


SCD!-3 


Insert 


INRN 


5 


17687 


Not Present 


NULL 


NULL 


Disabled 


NULL 


NULL 


SCDI-4 


Replace 


HLR-SCA 


12 


353857000420 


Present 


International 


E.164 


Disabled 


NULL 


NULL 



Table 3: Service Control Data Table for the Example. 



Service Control Slots Configuration Table 


SAS Database Id 


SAS Database Table Id 


Service Control Slot 
Id 


Service Control Type 


MNP E.164 Database 0 


E.164 Sinqle Number Table 


0 


INRN 


MNP E. 1 64 Database 0 


E.164 Single Number Table 


1 


HLR-SCA 


MNP E.I 64 Database 0 


E.164 Single Number Table 


2 




MNP E.164 Database 0 


E.164 Single Number Table 


3 




MNP E.164 Database 0 


E.164 Single Number Table 


4 




MNP E.164 Database 0 


E.164 Range Number Table 


0 


INRN 


MNP E.164 Database 0 


E.164 Range Number Table 


1 


HLR-SCA 


MNP E.164 Database 0 


E.164 Range Number Table 


2 




MNP E.164 Database 0 


E. 1 64 Range Number Table 


3 




MNP E.164 Database 0 


E.164 Range Number Table 


4 





Table 4: Auxiliary Number Table for the Example. 



Generic Loop Detection Analysis 

Loop detection is provided to prevent signalling loops within the signalling network. 
Signalling loops may occur when the routing databases in different signalling 
networks contain inconsistent routing information for network subscribers. The ability 
to detect signalling loops is defined within the scope of each SAS Application Service 
and may not be present in all SAS Application Services. Also, the response taken to 
the detection of a signalling loop is defined within the scope of each SAS Application 
Service. 

There are two kinds of loop detection: a generic one and an application specific one. 
The generic one is specified in detail here. The applications specific ones are specified 
at the respective SAS Application Services. 
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The generic mechanism for the detection of signalling loops is a two step process and 
requires the co-operation of the underlying switched network in order to succeed. 
First, the underlying switched network will pass any received Inter-Network Routing 
Number to the SAS as part of the concerned address (i.e. the SCCP Called Party 
Address GTAI). This first step signals the SAS Loop Detection algorithm that the 
signalling message has originated outside of the current signalling network. Secondly, 
the E.164 database(s) search must resolve to a combination of the pair (E.164 
Number Type, Portability Status) that is marked as a candidate for looping. With these 
two criteria met, the signalling loop is detected. 

This implies, that there has to be configuration table which indicates for each pair 
(E.164 Number Type, Portability Status), whether loop detection is to be enabled or 
not. 



Figure 5 shows Generic Loop Detection Analysis. 

As a temporary relaxation of the SAS Loop Detection, the Transition Time capability 
was introduced. This provides a synchronisation period for recent database updates. If 
the Transition Indicator is marked "Transition Time is not yet over", then the SAS Loop 
Detection is either bypassed or relaxed. 
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Loop Detection Status And Action Confi( 


guration Table 


SAS Application 
Service Id 


SAS Database Id 


SAS Database Table Id 


Number 
Type 


Portability 
Status 


Loop 
Detection 
State And 
Action 


MNP-INAP-O-VM-IW 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


ONNPO 


Disabled 


MNP-INAP-O-VM-IW 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


ONPO 


Discard, 
Counter 


MNP-INAP-O-VM-IW 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


FNPI 


Discard, 
Counter 


MNP-INAP-O-VM-IW 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


FNP2AFN 


Discard, 
Counter 


MNP-INAP-O-VM-IW 


MNP E, 164 Database 0 


E.164 Single Number Table 


MSISDN 


FNNK2BP 


Disabled 


MNP-INAP-O-VM-IW 


MNP E.164 Database 0 


E.164 Range Number Table 


MSiSDN 


ONNPO 


Discard, 
Counter 


MNP-lNAP-O-VM-IW 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


ONPO 


Disabled 


MNP-INAP-O-VM-IW 


MNPE,164 Database 0 


E.164 Range Number Table 


MSISDN 


FNPI 


Disabled 


MNP-INAP-O-VM-IW 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


FNP2AFN 


Disabled 


MNP-INAP-O-VM-IW 


MNP E.164 Database 0 


E. 1 64 Range Number Table 


MSISDN 


FNNK2BP 


Discard, 
Counter 


The acronyms for the Portability Status are as follows: 

• ONNPO: Own Number Not Ported Out 

• ONPO: Own Number Ported Out. 

• FNPI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 

• FNNK2BP: Foreign Number Not Known To Be Ported. 



Table 5: Loop Detection Status and Action Configuration Table for the Example. 



Outbound Message Synthesis: 

Depending on the result of this database query and the inbound processing, the 
response is generated. Outbound processing is configured based on the specification 
of the digit string to be sent off, the Service Control Data Record, the Number Type 
and the Portability Status, and other configuration data items. 

Figure 6 shows Generic Aspects of Outbound Message Synthesis. 

Configuration tables control Outbound Message Synthesis. The configuration tables of 
the Outbound Message Synthesis are illustrated by an example. The SAS Application 
Service is the same as the one used above: MNP-INAP With Optional Voice Mail Inter- 
working. 
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An Output Address includes the triple (NoAl, Numbering Plan, Digit String). The 
Output Digit String Configuration Table specifies the necessary output digit strings of 
the SAS Application Service, including a NoAl value. The value for Numbering Plan is 
implicitly present in the service logic of the SAS Application Service. Memory has to be 
allocated for the digit string elements of the Output Digit String Configuration Table, 
plus for Natl and Nat2 or Nat. 



Output Digit String Configuration Table 


SAS Application 


Output 


Auxiliary 


Nature of 


Auxiliary Number 


Auxiliary 


Service Id 


Digit 


Number Name 


Address 


Presence 


Number 




String Id 




Indicator 




Position 


MNP-INAP-O-VM-IW 


1 


INRN 


Subscriber 


Modified Input 


Prefix-0 


MNP-INAP-O-VM-IW 


1 


Natl 


Subscriber 


Copy Input 


Natl 


MNP-INAP-O-VM-IW 


1 


VMSC-INI 


Subscriber 


Copy Input 


!nfix-0 


MNP-INAP-0>VM-IW 


1 


Nat2 


Subscriber 


Copy Input 


Nat2 



Table 6: Definition of the Output Digit String Configuration Table for the Example. 



Output Digit String To Protocol Element Mapping Table 


SAS Application Service Id 


Output Digit String Id 


Protocol Element Id 


Output Digit String Option 


MNP-INAP-O-VM-IW 


1 


INAP Connect DRA 


1 



Table 7: Output Digit String To Protocol Elennent Mapping Table for Table. 



Input Digit String To Output Digit String Mapping Table 


SAS Application Service Id 


Output Digit String id 


Input Digit String Id 


MNP-INAP-O-VM-IW 


1 


1 


MNP-INAP-O-VM-IW 


1 


2 


MNP-INAP-O-VM-IW 


1 


3 


MNP-INAP-O-VM-IW 


1 


4 



Table 8: Input Digit String To Output Digit string Mapping Table for Table. 



The SAS Application Service Specific Outbound Processing Configuration Table for 
Normal and Abnormal Completion contains up to 10 Response Actions. One or more 
of these Response Actions can be used to insert configured values at defined positions 
in the output digit string. This service used the following response actions: INAP 
Continue, INAP Connect, INAP ReleaseCall and INAP Return Error. 
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Within the Connect message the parameters 'Include Cut And Paste' are configurable. 
Depending on a configurable parameter Connect message can be send either to 
original or alternate number. Depending on a configurable parameter the routing 
number can be included or send as a parameter. The alternate number is configured 
by number. Nature Of Address and Numbering Plan. If the Connect message to 
original number is sent the configurable flag Send Charging Information is evaluated, 
too. 

An error code is configurable as parameter of the Return Error message depending 
on the database result. For each database result another Return Error Code can be 
configured. 

If a Release Call message is sent a Release Cause depending on the database result 
can be configured. For each database result another Release Cause can be 
configured. 



There are eight configurable outbound actions for this Service Handler: 

• Return TCAP Error v/ith configurable Error Code. 

• INAP Release Call with configurable Cause. 

• INAP Continue. 

• INAP Connect either with 

• DRA from SAS Database, Cut&Paste configurable present or not. 

• DRA from predefined configured value, Cut&Paste configurable present or not. 

• INAP SendCharginglnformation, with configurable values for parameters 
performChargeDetermination and sendingSidelD. The INAP SCI can only be sent 
in combination with the INAP Connect in a separate TCAP Component. 

• Concatenate with other Service Handler. 



Discard Message. 



• Store Message in local SAS file. 
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SAS Application Service Specific Outbound Processing Configuration Table - 

Normal Completion 


SAS 
Application 
Service id 


Number 
Type 


Portability 
Status 


Response 
Action idl 


Service 
Control Data 
Slot id 


Output 
Digit String 
id 


Nature of 
Address 
indicator 


MNP-INAP-O- 

VM-IW 


MSISDN 


ONNPO 


Send INAP 

Continue 
Operation 


None. 


None. 


NULL 


MNP-INAP-O- 
VM-IW 


MSISDN 


ONPO 


Send INAP 
Connect 
Operation 


0 [INRN] 


1 


Subscriber 


MNP-INAP-O- 
VM-IW 


MSISDN 


FNPI 


Send INAP 
Connect 
Operation 


0 [INRN] 


1 


Subscriber 


MNP-INAP-O- 
VM-IW 


MSISDN 


FNP2AFN 


Send INAP 
Connect 
Operation 


0 [INRN] 


1 


Subscriber 


MNP-INAP-O- 
VM-IW 


MSISDN 


FNNK2BP 


Send INAP 
Connect 
Operation 


0 [INRN] 


1 


Subscriber 


The acronyms for the Portability Status are as follows: 

• ONNPO: Own Number Not Ported Out 

• ONPO: Own Number Ported Out. 

• FNPI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 

• FNNK2BP: Foreign Number Not Known To Be Ported. 



Table 9: Definition of the SAS Application Service Specific Outbound Processing Configuration 

Table for the Exannple - Normal Completion. 



SAS Application Service Specific Outbound Processing Configuration Table - 

Abnormal Completion 



SAS Application 
Service Id 


SAS Application 
Specific Abnormal 
Condition Id 


Response Action Id 1 


Response Action Id2 


Output 
Digit String 
Id 


Nature of 
Address 
Indicator 


MNP-INAP-O-VM-IW 


NO MATCH 


Send INAP Continue 
Operation 


None. 


None. 


NULL 


MNP-INAP-O-VM-IW 


AMBIGOUS 


Send INAP RRB 
Operation 


Send INAP CI 
Operation 


None 


NULL 


MNP-INAP-O-VM-IW 


Errorl 


Send INAP Release 
Cause Operation 


Release Call Cause n 


None. 


NULL 



Table 10: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Example - Abnormal Completion. 
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Configuration Data: 

Each SAS Application Service shall have a configuration data item, vy^hich specifies the 
structure of each possible output digit string on the basis of its general abstract 
structure. Each output digit string is associated to a protocol parameter to v^hich it is 
sent. It is even possible to associate more than one output digit string to a given 
protocol parameter. The structure of the output digit string is specified by the list of its 
auxiliary numbers. The following information shall be specified for each output digit 
string. Table 12 presents the information necessary to specify an input digit string. 
Table 13 specifies the mapping between the Input Digit String to the Output Digit 
String. Table 14 specifies the mapping between the Output Digit String and the 
Protocol Element. 



Loop Detection Status And Action Configuration Table 


Attribute 


Format 


Values 


Description 


-SA&Apj3iicatio^M; 


mi- 


Any^ypl id rSAS ApplicWiongSe'^n^^^ 


Primaiy.Key.^'^^^j^ig::^^^ .st^'H^S'i 


SAS DataBase Idf' 


.^2!B^e^i;; 


jWhy valid SAS DafabpseHd.^fe--^^^ 'St^^.^-■( 


Rnmary.K^ySr-^'^lr' - - ^ >^>r J 


>SAS Database^^'^, ^ 
liable Id 


,2^Byte^^y 


?Any valid SAS Datdbase'TdbTe Id. -'g.;-';!- 


RnmaryiKey.'i]^,^V; : 'r \ \ ^ -1^' ' - 


"Number Type , ■< " 


1 Byte ' 


'An>^valid^encoding?bfjNumber Ty 


^^Pnmary Keyr ^ ' .-1" v,^n>^ . V ^ ^ 


?^ Po rta b 1 1 1 ty Sta tli s • ■% 


U Byte <V 


^AnyiyalidfeneoGlingf ofrlRortability, Status / f 


Primary' Key. ^ -4'^''' ^''j^' : "^^j^-i^^^ ''a* 


Loop DetecTion 
State and Action 


1 Byte 


Any valid encoding of Loop Detection 
State and Action 


Possible values are "Disabled", "Enabled: Discard 
Message", etc. 



Table 1 1 : Details of the Loop Detection Status Configuration Table 



A single output digit sting shall be able to be selected - based on its Id - from a set of 
possible output digit strings. The selection is done based on the value combination of 
(E.l 64/MSIN Number Type, Portability Status). A table has to be present to specify this 
configuration data. 

It shall be possible to specify which Service Control Slot (i.e. Service Control Data 
Sequence Number) of the found entry in the single number or range number table is 
to be used in the outbound processing depending on the value combination of (E.l 64 
Number Type, Portability Status). A table has to be present to specify this configuration 
data. The same principle can in the future be applied to other number parts as well. 
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It shall be possible to specify which action is to be done in the outbound digit 
processing depending on the value combination of (E.164 Number Type, Portability 
Status). Possible actions are the type of message to be used, etc. A table has to be 
present to specify this configuration data. The same principle can in the future be 
applied to other number parts as well. 

Table 15 contains the application specific outbound processing in case an entry was 
found in the Single Number or Range Number Table. However, it is possible that no 
entry is found in both tables. This abnormal outbound processing is contained in 
Table 16. 
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Output Digit String Configuration Table 



Attribute 


Format 


Values 


Description 


iApphcation I . 
:*Service}ld<>v.- ;r 




;Any vglid^^SAS^,^,^^^ g^^^ 
Application Service ld;^fkf 




I Output Digit V 
String Id ,v4'i^- 

\ 


-3 Byte /: 


- Anyivalid vinpyt Digit. . • 
<>ririgjld ^-^f , \j\ % 


.Primary'^ Key. j^SAS Application Service- specific encoding. « Multiple output, 
tdigit; stnngs^J per-Protocol J Element , are v^poss output digit> 
strlpgs ^ref^specified, vthen usage: of ."eachT output; digitl^stringl'moy tb^ 
i\asspciate<i|withia • spec^fic-^ 
a Sieryice ;hpw^^ 

•cJigit:sVriffg*SpV- i T V ..^ .v,Jo ^ i':^' . -'h '^^^^^^ ' 


*^Auxiliary 
^ Number, 

'X \. 

<^ - . '.Vf 


" 1'^ ' 

< 

^ '?/^% 


^- AnyVal i d v ehcb^ i o g Ip^ ^ 
^ ^SerJ/ice'^CbntroliflSata^ 

^Ei^ S!;'ce,1lNR^^-M'^ 

^ y^niNR|^;.v/5i?c-;iNPr^ 

SMSC;INR; VMSC-IN'Cf 
. SMSG^I^r^K^MCC, \ 

/^•^ctNe/G%,||c;.j 

. Natl)^ND^C/Nat2/'Sr?li^ 
^ BigCore^NotXllowed; 

* >, ^ ^ «/ 


^Prirnaryj^Key!^n-output digit string -isVdefined byfthe explicit listiof its* Head ; 
1 paris^the > BigCore/ d n dj its^Ta i 1 .'ports;* .identified ^ by i^the; respe^jve .f na m es v 
I i sted ' i n ftli gJiV ncpd i n g ^bf ■ : theic n^vm ne m oni c^;'en cod i ng of e i Se rvi ce • 
Igpntrol Data^jTy^ It ts'^possiSie in the^^^ 
'^^^uC Digit j5tring>^^t^n^paS^ Digits Stririg^'ca'n . be| 
'^ex^citlyjmanipulated -l^^^^ service ■logia^P'-^f^^^f^'^:v^J . ^ryM 
J The -encoding ^o^ to ^be in common rwith^^^^^ - 
>. Auxiliary NumbeK^Naniie^ dttributej Service Control 'CJatalType.' THe . 
^ygrjousvtypes of Auxiliary :Numbers^ndiGpr^'|Part^^t^ 

^tlibir-Name;^have.the following structure (os^^^ }S^-^-^<^ 

'^• f%*^All others haW ^l oK more hex^^ . 

A particular^'meoning hos'the following value: ' ^v^":" ^'^^ 

^ -"^ ^ respective OutputjDigifStringr^r<?a'p^ NoAl vo^lue.'is^jibt ' ■ 

•^^V'J**^'^^j^C^^^ is, Always in this case, and. 
i4j^|the 'Auxiliary Number Position is^Head-O.' The' Output Digit^String 
^-|l'l^must-consist ofjhi^s Auxiliary*lteW^^^ T-^ ^' 

^^Opaqueflf ah Auxihary Number has\his name, then th^respective- '-^f- 
^ J'V^Output Digit String'^ for a^-pafticularjNoAl value will cbnsi^rbfj^a value 1 
'^ft'^ - , derived fifom'the Service^Control Dato'Table as a replacem'ent value. 

= l^c? structure of thetOutput Digit String'needs to be^.l<novNm in this 
^-^.5 -«case.«rhe5putput Digit String 'm'ust/consist of^this Auxihafy Item .only, ^ 
- ?i^'pos^tibn>Head-0.' J .^-^ ' 
^Th^^.Y9J'V®^ll^^^'^^''^^^^''' ^®c®ssary/* evepTin Mne^ combination v^ith%the^ 
■ Al[pwed';Va|ues.{ofNoAI. Configuration "Table may :be* more 
=.,11 lui it-(ji u^ui.rUui|jijj ui^ii ofi'iiicj itir-. <j.,gi ytsM^iNO/Ai .^vuiuti, uriu.itn tsocn.- 
option'the^allowed digit stnngs for a giyen;NoAI value xliffer: ' . % v': 
Purpose of ^thisjiparameter^for^jthe service 'logic Jpf ^th'eJSAS Application; 
Service:-This unique vname-'is ^used'to define "eaGh'^'entitylin^^^the-outbound- 
s-^-^d^git&tnng. The . relation befweeni;corresponding entitiestm^^lhe - input - 
^digit^^string G^nd^thevoutput digitf string>.is|ldefined -oln ^the ^ibasis'.of .the 
^XLxil.b'VNumberNaSI. >A:^ -'^^ 


Nature of 

Address 

Indicator 


1 Byte 


Any valid protocol 
specific encoding of 
the Nature of Address 
Indicator. 


A NoAl value may be associated with a structure definition of an output 
digit string. NoAl in protocols has up to 7 bit for its encoding. Therefore, 
the value FFh is used as NULL value for this attribute, which means that no 
NoAl value is associated with this particular output digit string. 


Translation 
Type Control 


1 Byte 


Use, Do Not Use 


This attribute indicates whether or not the Translation Type shall be used in 
the specified Output Digit String. 


Translation 
Type 


1 Byte 


Any valid protocol 
specific encoding of 
the Translation Type 


A Translation Type value may be associated with a structure definition of 
on output digit string. 


Auxiliary 
Number 
Presence 


1 Byte 


Copy From Input, 
Modify Input With 
Service Control, Always 
as New^ Element From 
Service Control, 
Sometimes as New 
Element From Service 
Control, Alv/oys as 


The presence of the auxiliary number. For the output digit string, the 
semantics is as follows: 

• Copy From Input: Copy from corresponding input digit string 
element. If the corresponding input digit string element was actually 
not present, this output digit string element is empty. 

• Modify Input With Service Control: Modification of the corresponding 
input digit string element. The modification is controlled by the 
respective Service Control Data item in combination with the pair 
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New Element From 
Static Configuration. 


(Number Type, Portability Status) of the found entry in the Single 
Number or Range Number table. 

• Always as New Element From Service Control: Always present as a 
new element, which was not yet present in the input digit string. The 
value is derived from the respective Sen/ice Control Data item, 
possibly in combination with the pair (Number Type, Portability 
Status) of the found entry in the Single Number or Range Number 
table. If an Auxiliary Number which is specified to be Always present 
as a mew element. Is not actually present, an error has to be 
reported. 

• Sometimes as New Element From Service Control: Sometimes present 
as a new element, which was not yet present in the input digit string. 
The value is derived from the respective Service Control Data item, 
possibly in combination with the pair (Number Type, Portability 
Status) of the found entry in the Single Number or Range Number 
table. 

• Always as New Element From Static Configuration: Always present as 
a new element, which was not yet present in the input digit string. 
The value is derived from static configuration data for this particular 
SAS Application Service. 

Purpose of this parameter for the service logic of the SAS Application 
Service: this attribute allows to generate an error, if an Always present 
optional digit string is not present in the output digit string. 


Auxiliary 
Number 
Position 


1 Byte 


Any valid encoding of 
Auxiliary Number 
Position. 


Possible values are Head-0 to Prefix-31 , and Tatl-0 to Tail-31 . 

Purpose of this parameter for the service logic of the SAS Application 

Service: specifies the correct position of this entity in the output digit 

strings. 


Note: An empty table for o given output digit string is not ollowed, at least Opaque or something similar has to be specified. 
Note: A SAS Application Service accesses an Output Digit String by means of the following four key attributes: SAS Application 
Service Id, Protocol Element Id, Input Digit String Id, Nature of Address Indicator. The key attribute Auxiliar/ Number Name does 
not need to be used as it specifies the respective Auxiliary Numbers in the output digit string. 

Note: For each Input Digit String, which might be used in an Output Digit String, there has to be a dedicated definition of Output 
Digit String. It can be possible, that the one and the same structure of Output Digit String is defined for multiple Input Digit 
Strings. 



Table 12: Details of the Output Digit String Configuration Table 



Input Digit String To Output Digit String Mapping Table 


Attribute 


Format 


Values 


Description 


■ Ap pi i CO ti on-' vii jl 
. Service Id .. i'^^-^.. ^ 




•jAny..yq 1 i d - SAS^iv^'!;:. j^i^ JJ 
App ! i cb ti b n >Se rv) ce' 1 cl jr 


.Pri;¥fafy,Key:;;'r5^^ -5?^fe^4i^^V:v^^: 


;0.utput^Digi);5:;'j;^^ 
: Str jngj Jd.f'^' ^"^-^^ 
.'■:'•>-.-'-"' f-^?^ 

. ? ? ...y *."■ v " - t'.;- 04 -f*- 
.* "■r^i^l-:. ^' *:,'•■'■ 


; 3 Byte?:;.;:/. 


A n y ■ V a 1 i ;d I n p u t ) D i g i t-i i f. 

; String id '^'^'^.^Z^-:^ 


r Primdrjy>.Key: 'SAS^^Applicatio 

^^digit-f^tnng^; per^Pr multiple' output;; digit-. 
^stririgsJareV.specij^^^^ rndy -be- 
^;asspeia|e:d'w^^ 

•^Service : hbwv thei^ mapped .-tbi a.- sbecific-^ 
• output ;digit stnngi: * . - ^. j ■ ; • ; * ' • .•■:vr*V ' ■ . ... ■ '• ■•: 


Input Digit 
String Id 


3 Byte 


Any valid Input Digit 
String Id 


Foreign Key to the Input Digit String from which this Output Digit String 
is provided with values. SAS Application Service specific encoding. Only 
one Input Digit String per Output Digit String is possible. 


Note: the relationship between Input Digit String and Output Digit String is many-to-many. 



Table 13: Details of the input Digit String To Output Digit String Mapping Table 



22 



Output Digit String To Protocol Element Mapping Table 



Attribute 


Format 


Values 


Description 


^Service, jd'^:;>^ t^^:. 


c^2pytel^9; 


•'Application Senyice*;id;.: 






P?Byt^£\^ 




ifl?rirndn/^^ey:v'^^ 

idigiirStringsvperJRrotocol^Element are possib e^Ir. m 
^ str I ng s^^ a re - speciTi eo ;tfe^tfi en 4 uso g e]?OT.j; ea cri^ 
v^ossociated^vyitri avspecitic condition^^lt ts-almatter^oT ttie 5 








f.bervice how-iitheaassociationnoria^condition^^ is 'mapped- to .a. specific/ 


Protocol 
Element Id 


3 Byte 


Any valid Protocol 
Element Id 


SAS Application Service specific encoding. A protocol element is for 
instance a parameter of a service primitive. For a given protocol 
element one or more output digit strings are possible. 


Output Digit 
String Option 


1 Byte 


Positive Integer 


The sequence number of the Output Digit String Option. For each 
protocol element, it is possible to define multiple Output Digit Strings. 



Table 14: Details of the Input Digit String To Protocol Element Mapping Table 
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SAS Application Service Specific Outbound Processing Configuration Table - 

Normal Completion 


Attribute 


Format 


Values 


Description 


r^pplicationr^^ 
Seryice'ld:jf^t 


>2 Byte.-.' . 


''Any ' va 1 1 d ^SAS Ad oi ico ti on ^ - -i^- 
45ervice;ld / , ' sAji> ^ 'v ^ ^ 


--Primary Key ^ v. ^ t ^ ''^ ^vfe 


Number^l^-V 
Typejf ^ ^ 


>l*Byte ^ 


jAnyValid encodmg of ^ ^> \ 


^Pnmary^Key.|^,^ ^ . . ^ , 5 , ^^^V 


Portability 
Status \^^r^ 




„Xny valid*enc^ing of.V ' 


.PrimarylKey>^ ^Ist'^ ^ . > . ^.^-^^ 


Inbound Jt^jb 
NdAf Value IS 

^ t V >^\'' " 

^.b 


2fBytetf^^v 

- ^■^'^^ 


i Aijiy^valid^ncodiing^^^^ 

I plus .FFFI^h>for^ignorihgfthis*» ".^v 


;=Primary/ey « "^^-J^^ ^ "''^ i ^^^^ t'^'V- 
•^Some "SAS Application-Services^need'^to'^take the NoAl^value of tKe 
f Inbound^Addi^^s into account to^et^jmiie 1^ Action Jr.^ 
f^Th eiN cw\l ^^1 u ^frc^be u sed h ere^i s^th e^Dneto^ th i s; 1 n bou n d Ad d ress^t 
pf oSwh 1 gKv th e^^ta base, search > i n , the \ Se*ry i ce^. cfeci s i on it p h a se wa s 

. Jf this attnbute IS to be:ignor.edyuring^Outbound Prdcessing/it?*^-.. 
lhas to?be fille^l with FFFFh-'^''^?¥i&V-:*^^.:;^ ^ u\ 


Response 
AcTion Id 1 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 2 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 3 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 4 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 5 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 6 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 7 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 8 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 9 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 1 0 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Service 
Control Data 
Slot Id 


1 Byte 


Any valid encoding of Service 
Control Data Slot Id 




Output Digit 
String Id 


3 Byte 


Any valid Input Digit String Id 


Partial foreign key into the Structure of Output Digit String 
Configuration Table. SAS Application Service specific encoding. 
Multiple output digit strings per Protocol Element are possible. 


Nature of 

Address 

Indicator 


1 Byte 


Any valid protocol specific 
encoding of the Nature of 
Address Indicator. 


Partial foreign key into the Structure of Output Digit String 
Configuration Table. NoAl in protocols has up to 7 bit for its 
encoding. Therefore, the value FFh is used as NULL value for this 
attribute. Per input digit string, the NoAl has to be considered. 
Therefore, per Input Digit String Id, multiple NoAls are possible. 
For each NoAI of on Input Digit String Id, an input digit string has 
to be defined. 
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Handling of NoAl values in the outbound processing: the NoAl value of the output digit string con be determined from the 
follov/ing four sources: 

1 . The input digit string corresponding to the output digit string, 

2. The selected entry of the Service Control Data table, 

3. The output digit string, or 

4. The SAS Application Service Specific Outbound Processing Configuration Table - Normal Completion (this table). 
The NoAl in this table overrules the other three. If the NoAl value in this table is NULL, then the NoAl value of the selected 
output digit string has to be used. If the NoAl value of the selected output digit string is NULL, then the NoAl value of the 
selected entry of the Service Control Data Table has to be used. If this entry does not support a NoAl value, then NoAl value of 
^h^orresgondin^ngut^igi^tm 



Table 15: Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Nornnal Completion 
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SAS Application Service Specific Outbound Processing Configuration Table - 

Abnormal Completion 



Attribute 


Format 


Values 


Description 


^SAS 

^Seryice.la'^.?^" 


i:2 Byte 


?A'ny validi^SAS^Ap ' 
^Service Id^^-j, -r. • '''wS^^ 


'!vf>rirrtary:Key.ii^; - . --y 1 ■ ?>3* 


t: Condition :ldv^ 




' Anyf^ya|id^nc6din^^ \\ 
'AppticationtSpecificVi'f .^^'^^^^^^^^ 

'■At ■^'^''^^ ''i^A^^'''i''i^'^-^»-i:^}x •' . '. 

. AbnormaliCsondition dd . r^.u- 


>''Gurrehtly»»thesfollowirrg possible Vol ues^a re defined:;^^u*K-| "^s^^ -- - 

f:. ;■ hb^ouVdithe:^^^ umben- TaBlefnornn^ttfel^^^ ' 
- ri>.Nuryiber^Table5§,ti^^v=<J^^^^^ ^^'^^^ V^v^rjtMst/if^^^ i 
Itf S v SA5jG^ptabasesErrjpr:4hiS its.a ;^ 
^1 &j ^ PUjP'9V n.d fQQ n d 1 1 ng^p injt n J s case vfi II si m 1 1 aj;*1to|me on e ,of y 
ifv Hum ber N ot Pou nd .1 lii'faddifi on X3 n er f^or .re^jrt^ wi 1 1 1! be 'F-}V' 
9®n6>^^^®o:in orderao trigger/icorrective action toi^theii^ :^ sfii^ 


Response 
Action Id 1 


o byte 


Any valid Response Action 


encoding is 5A5 Application Service specitic. NULL value is rth. 


Response 
Action Id 7 


o Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 3 


o Dyte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 4 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 5 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 6 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 7 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 8 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 9 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Response 
Action Id 10 


3 Byte 


Any valid Response Action 


Encoding is SAS Application Service specific. NULL value is FFh. 


Output Digit 
String Id 


3 Byte 


Any valid Input Digit String Id 


Partial foreign key into the Structure of Output Digit String 
Configuration Table. SAS Application Service specific encoding. 
Multiple output digit strings per Protocol Element are possible. 


Nature of 

Address 

Indicator 


1 Byte 


Any valid protocol specific 
encoding of the Nature of 
Address Indicator. 


Partial foreign key into the Structure of Output Digit String 
Configuration Table. NoAl in protocols has up to 7 bit for its 
encoding. Therefore, the value FFh is used as NULL value for this 
attribute. Per input digit string, the NoAl has to be considered. 
Therefore, per Input Digit String Id, multiple NoAls are possible. 
For each NoAl of on Input Digit String Id, an input digit string has 
to be defined. 



26 



Handling of NoAl values in the outbound processing: the NoAl value of the output digit string can be determined from the 
following four sources: 

1 . The input digit string corresponding to the output digit string, 

2. The selected entry of the Service Control Data table, 

3. The output digit string, or 

4. The SAS Application Service Specific Outbound Processing Configuration Table - Abnormal Completion (this table). 
The NoAl in this table overrules the other three. If the NoAl value in this table is NULL, then the NoAl value of the selected 
output digit string has to be used. If the NoAI value of the selected output digit string is NULL, then the NoAl volue of the 
selected entry of the Service Control Data Table has to be used. If this entry does not support a NoAl value, then NoAl value of 
the corresponding input digit string has to be used. 

In general, the following kinds of response actions ore obvious: 

• Return Message to Sender. 

• Return Error to Sender. 

• Forward Message to the Recipient to whom it would be routed without intervention of SAS. 

• Forward Message to configured Recipient. 

• Discard Message. 



Table 16: Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Abnornnal Completion 



Scenarios: 

Fig. 7 shows a Query Response Scenario. 

Fig. 8 shows o further Query Response Scenario (Unsuccessful) With INAP Release 
Call. 

Fig. 9 shows a further Query Response Scenario (Unsuccessful) With INAP Continue. 
Fig. 10 shwos a Call Steering Scenario (Digit Request). 

Fig. 1 1 shows a further Call Steering Scenario (Digit Request Unsuccessful) With INAP 
Release Call. 

Fig. 12 shows a further Call Steering Scenario (Digit Request Unsuccessful) 
With INAP Continue. 
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Second embodiment of the invention: 
SRI Terminating Number Portability 

Short description: 

This service encompasses SRI terminating NP (SRI = Send Routing Information, NP = 
Number Portability) with optionally voice mail for a mobile network. The service is 
highly configurable. 

The second and all further embodiments of the inventions are described using partly 
the same figures and tables as used for the first embodiment. 

Figure 1 depicts the SDL diagram of the Generic Structure of a SAS Application 
Service. 

The SRI terminating service handles the SRI (Send Routing Information) message of the 
AAAP (Mobile Application Part) protocol. Of the incoming message, the parameter 
'MSISDN' is analysed. The MSISDN may or may not contain a voice mail infix, this is 
configurable. The service terminates the SRI message according to its configuration by 
an SRI Response message, a TCAP Error, a TCAP Reject or by discarding the request. 
In the SRI Response message, the parameters Roaming Number and IMSI are set. The 
IMSI is set to a fixed, configurably default IMSI (an IMSI must be present as per the 
MAP standard). 

An instance of the SRI Terminating service can either work together with an instance of 
the SRF service (Mobile SCCP routing) or work stand-alone. 

A typical case for numbers with voice mail infix is that the SRI Terminating service 
instance handles all requests by sending an appropriate SRI response. 

Alternatively - typically for numbers without voice mail infix -, the SRF service instance 
handles requests that stay in the own network by relaying the request to the 
appropriate HLR, while it forwards requests that require a foreign network to the SRI 
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Terminating service. The SRI Terminating service instance handles these requests by 
terminating them with an appropriate SRI Response. 

Multiple instances of the SRI Terminating service with different configurations can run 
inside the SAS in parallel. 

The three stages are described in detail as follows: 

• Stage 1 - Inbound Message Analysis: This stage starts with some service specific 
inbound protocol checks. The SRI Terminating service checks that the MSISDN 
parameter is present and that it contains digits (otherwise a TCAP Reject is sent) 
and that the NoA (Nature of Address) is recognized (otherwise a TCAP Error is 
sent). Depending on the NoA a specific analysis string is chosen. That analysis 
string describes which auxiliary number parts are mandatory or optionally. Then 
the auxiliary number parts are analysed. If found and correct, then remove 
auxiliary number part from received E.164 or MSIN Based number and store it 
internally. This analysis is done step by step for each possible auxiliary number 
part. When the analysis of the auxiliary number parts* terminates successfully, then 
the second stage starts. Each auxiliary number part is to be stored in a record 
containing its name, its position, its value, and its presence. Inbound Processing is 
configured based on the specification of the received digit string and other 
application service specific configuration items. 

• Stage 2 - Service Decision: Analyse the core part of the received number in the 
Single Number and Range Number tables. The Extended Match Indicator is to be 
used if required. Service Decision includes also Loop Detection. The Service 
Decision is executed dependent on configuration data items and the Transition 
Indicator, the Default/Exception Indicator, and the Single Number Flag of the 
Single Number and Range Number tables. 

• Stage 3 - Outbound Message Synthesis: Depending on the result of this database 
query and the inbound processing, the response is generated. Outbound 
processing is configured based on the specification of the digit string to be sent off, 
the Service Control Data Record, the Number Type and the Portability Status, and 
other configuration data items. The SRI terminating service ensures that the length 
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of the resulting Roaming Nunnber does not exceed the limit specified in the used 
protocol version/variant. Otherwise, a TCAP Error is sent. 

Figure 2 shows Inbound Address Analysis and Inbound Digit Analysis. 

Figure 3 shows Service Decision. 

For those SAS Application Services that are required to search the E.164 or MSIN 
Based Tables for routing information, the following principles apply. The search of the 
E.164 or MSIN Based Tables constitutes the main service decision. Figure depicts the 
SDL diagram of the Service Decision. 

The Evaluation of Database Search Indications is a SAS Application Service specific 
matter, also the decision whether or not to perform another SAS Database search. The 
Application Specific Evaluation of Database Search Indications may include for 
instance actions like requesting additional digits in case the database search came 
back with an indication that the queried number was AMBIGUOUS. Both, the 
application specific evaluations and the decision for further database searches, 
depend on the SAS Application Service's service logic, configurable items such as 
"Open/Closed Numbering Plan", "Block/Single Number Dialling", "Request More 
Digits Yes/No", and other things. 

The SRI Terminating service never requests additional digits because this is neither 
possible nor necessary in the MAP protocol. The MSISDN parameter always contains 
all digits. If the database search indicates AMIGUOUS, the SRI Terminating service 
treats this as a database error. 

Loop Detection is a mechanism to discover inconsistencies in the received data, which 
might be caused by a condition that causes the SS7 message to loop through the SS7 
network. There are two kinds of loop detection: a generic one and an application 
specific one. The generic one is specified in detail here. The applications specific ones 
are specified at the respective SAS Application Services. 



Figure 4 shows a Database Search in E.164 and MSIN Based Single Number and 
Range Number Tables. 
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Table 1 shows an E.164 Single Number Table for the Example. 
Table 2 shows an E.l 64 Range Number Table for the Example. 
Table 3 shows a Serv'ice Control Data Table for the Example. 
Table 4 shows an Auxiliary Number Table for the Example. 

Detection of Loops 

Loop detection is provided to prevent signalling loops within the signalling network. 
Signalling loops may occur when the routing databases in different signalling 
networks contain inconsistent routing information for network subscribers. The ability 
to detect signalling loops is defined within the scope of each SAS Application Service 
and may not be present in all SAS Application Services. Also, the response taken to 
the detection of a signalling loop is defined within the scope of each SAS Application 
Sen^ice. 

As stated above, there is a Generic Loop Detection mechanism, which applies to 
many SAS Application Service, and there are SAS Application Sen/ice specific Loop 
Detection mechanisms. The Generic Loop Detection mechanism is in detail specified 
here. 

There is no application specific Loop Detection mechanisms in the SRI terminating 
service. Only the Generic Loop Detection is executed. 

Generic Loop Detection Analysis 

The generic mechanism for the detection of signalling loops is a two step process and 
requires the co-operation of the underlying switched network in order to succeed. 
First, the underlying switched network will pass any received Inter-Network Routing 
Number to the SAS as part of the concerned address (i.e. the SCCP Called Party 
Address GTAI). This first step signals the SAS Loop Detection algorithm that the 
signalling message has originated outside of the current signalling network. Secondly, 
the E.164 database(s) search must resolve to a combination of the pair (E.l 64 
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Number Type, Portability Status) that is marked as a candidate for looping. With these 
two criteria met, the signalling loop is detected. 

This implies, that there has to be configuration table which indicates for each pair 
(E.164 Number Type, Portability Status), whether loop detection is to be enabled or 
not- 

As a temporary relaxation of the SAS Loop Detection, the Transition Time capability 
was introduced. This provides a synchronisation period for recent database updates. If 
the Transition Indicator is marked 'Transition Time is not yet over", then the SAS Loop 
Detection is either bypassed or relaxed. 



Figure 5 shows a Generic Loop Detection Analysis. 





SAS Application 
Service Id 


SAS Database Id 


SAS Database Table id 


Number 
Type 


Portability 
Status 


Loop 
Detection 
State And 
Action 


MNP-SRlt-O-VM-IW 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


ONNPO 


Disabled 


MNP-SRIt-O-VM-IW 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


ONPO 


Discard, 
Counter 


MNP-SRIt-O-VM-IW 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


FNPI 


Discard, 
Counter 


MNP-5Rlt-0-VM-IW 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


FNP2AFN 


Discard, 
Counter 


MNP-SRIt-O-VM-IW 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


FNNK2BP 


Disabled 


MNP-SRIt-O-VM-IW 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


ONNPO 


Discard, 
Counter 


MNP-SRIt-O-VM-IW 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


ONPO 


Disabled 


MNP-SRIt-O-VM-IW 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


FNPI 


Disabled 


MNP-SRIt-O-VM-IW 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


FNP2AFN 


Disabled 


MNP-SRlt-O-VM-lW 


MNP EJ64 Database 0 


E.164 Range Number Table 


MSISDN 


FNNK2BP 


Discard, 
Counter 


The acronyms for the Portability Status are as follows: 

• ONNPO: Own Number Not Ported Out 

• ONPO: Own Number Ported Out. 

• FNPI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 

• FNNK2BP: Foreign Number Not Known To Be Ported. 



Table 1 7: Loop Detection Status And Action Configuration Table for the Example. 



Figure 6 shows Generic Aspects of Outbound Message Synthesis. 



Configuration tables control Outbound Message Synthesis. The configuration tables of 
the Outbound Message Synthesis are illustrated by an example. The SAS Application 
Service is the same as the one used above: MNP-SRIt With Optional Voice Mail Inter- 
working. 

An Output Address includes the triple (NoAl, Numbering Plan, Digit String). The 
Output Digit String Configuration Table specifies the necessary output digit strings of 
the SAS Application Service, including a NoAl value. The value for Numbering Plan is 
implicitly present in the service logic of the SAS Application Service. Memory has to be 
allocated for the digit string elements of the Output Digit String Configuration Table, 
plus for Natl and Nat2 or Nat. 



Output Digit String Configuration Table 


SAS Application 


Output 


Auxiliary 


Nature of 


Auxiliary Number 


Auxiliary 


Service Id 


Digit 


Number Name 


Address 


Presence 


Number 




String Id 




Indicator 




Position 


MNP-SRlt-O-VM-IW 


1 


INRN 


Subscriber 


Modified Input 


Prefix-0 


MNP-SRlt-O-VM-IW 


1 


Natl 


Subscriber 


Copy Input 


Natl 


MNP-SRIt-O-VM-IW 


1 


VMSC-INI 


Subscriber 


Copy Input 


lnfix-0 


MNP-SRlt-O-VM-IW 


1 


Nat2 


Subscriber 


Copy Input 


Nat2 



Table 1 8: Definition of the Output Digit String Configuration Table for the Example. 



Output Digit String To Protocol Element Mapping Table 


SAS Application Service Id 


Output Digit String Id 


Protocol Element Id 


Output Digit String Option 


MNP-SRlt-O-VM-IW 


1 


SRIres roaming number 


1 



Table 1 9: Output Digit String To Protocol Element Mapping Table for Table 1 8. 
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Input Digit String To Output Digit String Mapping Table 


SAS Application Service id 


Output Dig» String id 


input Digit String Id 


MNP-SRIt-O-VM-IW 


1 


1 


MNP-SRIt-O-VM-IW 


1 


2 


MNP-SRIt-O-VM-IW 


1 


3 


MNP-SRIt-O-VM-IW 


1 


4 



Table 20; Input Digit String To Output Digit string Mapping Table 18. 



The SAS Application Service Specific Outbound Processing Configuration Table for 
Normal and Abnormal Completion contains up to 10 Response Actions. One or more 
of these Response Actions can be used to insert configured values at defined positions 
in the output digit string. 

There are the following configurable outbound actions for this Service Handler: 

• SRI Response v/ith MSRN from SAS Database and IMSI from a predefined 
configured value. 

• Return TCAP Error with configurable Error Code. 

• Concatenate with other Service Handler. 

• Discard Message. 

• Store Message in local SAS file. 
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SAS Application Service Specific Outbound Processing Configuration Table - Normal 

Completion 



SAS 
Application 
Service Id 


Numbe 
r Type 


Portability 
Status 


Response Action 
Idl 


Service 
Control 
Data Slot 
Id 


Output 
Digit 
String 
Id 


Nature 

of 
Address 
Indicator 


MNP-SRIt-O- 
VM-IW 


MSISD 
N 


ONNPO 


Send SRI 
Operation 


0 [INRN] 


1 


Subscrib 

CI 


MNP-SRIt-O- 
VM-IW 


MSISD 
N 


ONPO 


Send SRI 
Response 
Operation 


0 [INRN] 


1 


Subscrib 
er 


MNP-SRIt-O- 
VM-IW 


MSISD 
N 


FNPI 


Send SRI 
Response 
Operation 


0 [INRN] 


1 


Subscrib 
er 


MNP-SRIt-O- 
VM-IW 


MSISD 
N 


FNP2AFN 


Send SRI 
Response 
Operation 


0 [INRN] 


1 


Subscrib 
er 


MNP-SRIt-O- 
VM-IW 


MSISD 
N 


FNNK2BP 


Send SRI 
Response 
Operation 


0 [INRN] 


1 


Subscrib 
er 


The acronyms for the Porta 


Dility Status are as follows: 



ONNPO: Own Number Not Ported Out 
ONPO: Own Number Ported Out. 
FNPI: Foreign Number Ported In. 

FNP2AFN: Foreign Number Ported To Another Foreign Network. 
FNNK2BP: Foreign Number Not Known To Be Ported. 



Table 21 : Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Example - Normal Completion. 

Table 21 shows the configuration example for the case that the SRI terminating service 
is used stand-alone (typical for numbers with voice mail infix). 

For the configuration where the SRI terminating service works together with the SRF 
service (see 0, typical for numbers without voice moil infix), the column "Response 
Action Idl" in the rows ONNPO and FNPI would contain "Send TCAP Error" and the 
last three columns of those rows would contain null values. 
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SAS Application Service Specific Outbound Processing Configuration Table - Abnormal 

Completion 


SAS 
Application 
Service Id 


SAS 
Application 

Specific 
Abnormal 
Condition Id 


Response Action 
Id1 


Response Action 
Id2 


Output 
Digit 
String 
Id 


Nature 

of 
Address 
Indicator 


MNP-SRIt-O- 
VM-IW 


NO MATCH 


Send TCAP 
Error 


None. 


None. 


NULL 


MNP-SRIt-O- 
VM-IW 


Error 1 


Send TCAP 
Error 


None. 


None. 


NULL 





Table 22: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Example - Abnormal Completion. 



Configuration Data: 

Table 1 1 shows Details of the Loop Detection Status Configuration Table. 
Configuration Items for Outbound Digits Synthesis: 

Each SAS Application Service shall have a configuration data item, which specifies the 
structure of each possible output digit string on the basis of its general abstract 
structure. Each output digit string is associated to a protocol parameter to which it is 
sent. It is even possible to associate more than one output digit string to a given 
protocol parameter. The structure of the output digit string is specified by the list of its 
auxiliary numbers. The following information shall be specified for each output digit 
string. Table 12 presents the information necessary to specify an input digit string. 
Table 13 specifies the mapping between the Input Digit String to the Output Digit 
String. Table 14 specifies the mapping between the Output Digit String and the 
Protocol Element. 



Table 12 shows Details of the Output Digit String Configuration Table. 



Table 13 shows Details of the Input Digit String To Output Digit String Mapping Table. 

Table 14 shows Details of the Input Digit String To Protocol Element Mapping Table 

A single output digit sting shall be able to be selected - based on its Id - from a set of 
possible output digit strings. The selection is done based on the value combination of 
(E.164/MSIN Number Type, Portability Status). A table has to be present to specify this 
configuration data. 

It shall be possible to specify which Service Control Slot (i.e. Service Control Data 
Sequence Number) of the found entry in the single number or range number table is 
to be used in the outbound processing depending on the value combination of (E.164 
Number Type, Portability Status). A table has to be present to specify this configuration 
data. The same principle can in the future be applied to other number parts as well. 

It shall be possible to specify which action is to be done in the outbound digit 
processing depending on the value combination of (E.164 Number Type, Portability 
Status). Possible actions are the type of message to be used, etc. A table has to be 
present to specify this configuration data. The same principle can in the future be 
applied to other number parts as well. 

Table 16 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Normal Completion. 

Tbale 16 contains the application specific outbound processing in case an entry was 
found in the Single Number or Range Number Table. However, it is possible that no 
entry is found in both tables. This abnormal outbound processing is contained in 
Table 22. 

Table 17 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Abnormal Completion. 
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Scenarios: 

Fig. 1 3 shows a Query Response Scenario - Without the SRF service- 
Fig. 14 shows a further Query Response Scenario - Together with the SRF service, 
subscriber in foreign network. 

Fig. 15 shows a further Query Response Scenario (Unsuccessful) - Illegal MSISDN 
(containing no digits). 

Fig. 16 shows a further Query Response Scenario (Unsuccessful) - Any error in SAS 
service application. 



Third embodiment of the invention: 



MAP Forward Short Message Access Screening 
Short Description of the Service: 

In order to protect against fraud a Short Message Service Center (SMSC) normally 
validates if the originator of an incoming short message is belonging to the home 
network. Analyzing the A-number within the short message allows this validation. 

However, within a Mobile Number Portability environment, the MSISDN no longer 
indicates the home network of the subscriber since this number could now belong to 
another mobile network operator. Therefore, a screening function is required based 
on the mobile number portability status of the originator's MSISDN. All incoming MO- 
FSM messages are intercepted and the MAP SM-RP-OA parameter is used as a key for 
searching in the number portability database. 
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I* 

If the calling party number within the MAP SM-RP-OA address was found in the 
database as an imported or regular subscriber of the concerned provider, the MO- 
FSM is forwarded to the SMSC. Otherwise, a backward message is created containing 
a MAP error code. 



Detailed Description of the Service: 

Figure 1 depicts the SDL diagram of the generic structure of o SAS Application Sen/ice. 
Details to the individual steps can be found in the following sub-chapters. 

Inbound Message Analysis: 

Figure 2 shows the SDL diagram for Inbound Message Analysis and Inbound Digit 
Analysis. 

Application Specific Inbound Protocol Checks: 

The following checks are performed for the MAP FSM service: 

• Check whether the MAP SM-RP-DA parameter contains the SMSC address. If not, 
continue with the current SCCP routing mechanism. 

• Check whether the MAP SM-RP-OA parameter contains a MSISDN. If not, continue 
with the current SCCP routing mechanism. 

• Check whether the MSISDN is a valid number, e.g. check the numbering plan 
correctness. If not, continue with the current SCCP routing mechanism. 

NoAl Analysis: 

If all inbound protocol checks are passed successfully the NoAl of the SM-RP-OA 
MSISDN is extracted. In case the NoAl is not supported continue with the current SCCP 
routing mechanism. Otherwise select a NoAl specific analysis string. This string 
specifies which auxiliary number ports are existing and which of them ore mandatory 
or optional. 



Inbound Digit Analysis: 

The inbound digit analysis is performed together with the analysis string. 
Figure 2 shows Inbound Address Analysis and Inbound Digit Analysis. 

Service Decision: 

Figure 17 shows the generic SDL diagram for the Service Decision. The individual 
steps are described below. 

Database Search 

The extracted core part of the MSISDN is used as a key for searching in the number 
portability database. The search algorithm is depicted in Figure 4. Examples for E.164 
Single Number and Range Number Tables can be found in Table 1 and Table 2. 
Table 3 is an example for a related Sen/ice Control Data Table and Table shows a 
Service Control Slots Configuration Table. 

Application Specific Evaluation of DB Search Indications 

If the DB search result is different from AAATCH in SINGLE TABLE / MATCH in RANGE 
TABLE the Not Found Response Action is executed. This action is configurable and is 
either set to Continue Routing or Return an Error. 

In any other cose one of the following response actions is selected: 

• Return on Error 

• Continue Routing with the current SCCP routing mechanism 

• Continue Routing with Routing Number Replacement 

• Continue Routing with Routing Number Prefix 

This response action is configuration controlled and depends on the Service Control 
Data Record, the Number Type, the Portability Status and other configuration data 
items. 



Figure 4 shows Database Search in E.164 Single Number and Range Number Tables. 
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Table 1 shows an Example for an E.164 Single Number Table. 
Table 2 shows an Example for an E.l 64 Range Number Table. 

Notes to Table 1 and Table 2: Due to space reasons only three Service Control Data 
Slots are shown instead of five. 

Table 3 shows an Example for a Service Control Data Table. 

Table 4 shows an Example for a Service Control Slots Configuration Table. 



Outbound Message Synthesis: 

Figure 5 shows generic aspects of the outbound message synthesis. For the MAP FSM 
service the following rules apply: 

• If the response action indicates Return Error, a TCAP Error message is returned 
containing a MAP error code. 

• If the response action indicates Continue Routing without Routing Number, the 
message shall be forwarded based on the current SCCP routing mechanism. 

• If the response action indicates Continue Routing with Routing Number 
Replacement, then the SCCP called party Global Address Title is replaced by the 
Routing Number, which is retrieved from the Service Control Data Table. 

• If the response action indicates Continue Routing with Routing Number Prefix, then 
the SCCP called party Global Address Title is set to the following value: 

[CC] + RN + SN 
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Figure 5 shows Generic Aspects of Outbound Message Synthesis. 

Configurotion tables control Outbound Message Synthesis. The configuration tables of 
the Outbound Message Synthesis ore illustrated by an exannple (see Tables 10-12 and 
Tables 23-27). The SAS Application Sen/ice is the same as the one used above, MAP 
FSM (with a response action set to Continue Routing with Routing Number Prefix). 

An Output Address includes the triple (NoAl, Numbering Plan, Digit String). The 
Output Digit String Configuration Table specifies the necessary output digit strings of 
the SAS Application Service, including a NoAl value. The value for Numbering Plan is 
implicitly present in the service logic of the SAS Application Service. Memory has to be 
allocated for the digit string elements of the Output Digit String Configuration Table, 
plus for Natl and Nat2 or Nat. 



Output Digit String Configuration Table 


SAS Application 


Output 


Auxiliary 


Nature of 


Auxiliary Number 


Auxiliary 


Service Id 


Digit 


Number Name 


Address 


Presence 


Number 




string Id 




Indicator 




Position 


MAP-FSM 


1 


RN 


National 


Always 


Prefix-0 


MAP-FSM 


1 


Natl 


National 


Copy Input 


Natl 


MAP-FSM 


1 


Nat2 


Notional 


Copy Input 


Nat2 



Table 23: Example for the definition of the Output Digit String Configuration 

Table. 



Output Digit String To Protocol Element Mapping Table 


SAS Application Service Id 


Output Digit String id 


Protocol Element Id 


Output Digit String Option 


MAP-FSM 


1 


SCCP CdPA GTA 


1 



Table 24: Output Digit String to Protocol Element Mapping Table for Table 23. 



Input Digit String To Output Digit String Mapping Table 


SAS Application Service Id 


Output Digit String Id 


Input Digit String Id 


MAP-FSM 


1 


2 



Table 25: Input Digit String to Output Digit String Mapping for Table 23. 



The SAS Application Service Specific Outbound Processing Configuration Table for 
Normal and Abnormal Completion contains up to 10 Response Actions. One or more 
of these Response Actions can be used to insert configured values at defined positions 
in the output digit string. 

There are the following configurable outbound actions for this Service Handler: 

• Relay MO_Forward_SM message. 

• Return TCAP Error with configurable Error Code. 

• Concatenate with other Service Handler. 

• Discard Message. 

• Store Message in local SAS file. 



SAS Application Service Specific Outbound Processing Configuration Table - Normal 

Completion 



SAS 


Number Type 


Portability 


Response Action 


Service 


Output 


Nature 


Applicotio 




Status 


Idl 


Control 


Digit 


of 


n Sen/ice 








Data 


String 


Address 


Id 








Slot Id 


Id 


Indicator 


MAP-FSM 


MSISDN 


ONNPO 


Relay AAAP 


None 


None 


NULL 








MO-FSM message 








MAP-FSM 


MSISDN 


ONPO 


Send TCAP Error 


None 


None 


NULL 


MAP-FSM 


MSISDN 


FNPI 


Relay MAP 


None 


None 


NULL 








MO-FSM message 








MAP-FSM 


MSISDN 


FNP2AFN 


Send TCAP Error 


None 


None 


NULL 


MAP-FSM 


MSISDN 


FNNK2BP 


Send TCAP Error 


None 


None 


NULL 



The acronyms for the Portability Status are as follows: 



• ONNPO: Own Number Not Ported Out 

• ONPO: Own Number Ported Out. 

• FNPI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 

• FNNK2BP: Foreign Number Not Known To Be Porfed. 

Table 26: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table Example - Normal Completion. 
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Note to Table 26: In this example the MO-FSM message is just forwarded based 
on the current SCCP routing mechanism without changing the SCCP CdPA GTA. 



SAS Application Service Specific Outbound Processing Configuration Table - Abnormal 

Completion 



SAS 
Application 
Service Id 


SAS Application 
Specific 
Abnormal 
Condition Id 


Response Action 
Id1 


Response 
Action Id2 


Output 
Digit 
String 
Id 


Nature 

of 
Address 
Indicator 


MAP-FSM 


NO AMTCH 


Send TCAP Error 


None 


None 


NULL 


MAP-FSM 


Errorl 


Send TCAP Error 


None 


None 


NULL 





Table 27: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table Example - Abnormal Completion. 

Configuration Data: 

Configuration Items for Loop Detection: 

Table 10 shows Details of the Loop Detection Status Configuration Table. 

Note: For the MAP FSM service the loop detection status is always set to Disabled. 

Configuration Items for Outbound Digits Synthesis: 

Each SAS Application Service shall hove a configuration data item, which specifies the 
structure of each possible output digit string on the basis of its general abstract 
structure. Each output digit string is associated to a protocol parameter to which it is 
sent. It is even possible to associate more than one output digit string to a given 
protocol parameter. The structure of the output digit string is specified by the list of its 
auxiliary numbers. The following information shall be specified for each output digit 
string. Table 1 1 presents the information necessary to specify an output digit string. 
Table 12 specifies the mapping between the Input Digit String to the Output Digit 
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String. Table 13 specifies the mapping between the Output Digit String and the 
Protocol Element. 

Table 1 1 shows Details of the Output Digit String Configuration Table. 

Table 12 shows Details of the Input Digit String to Output Digit String Mapping Table. 

Table 1 3 shows Details of the Input Digit String to Protocol Element Mapping Table. 

A single output digit sting shall be able to be selected - based on its Id - from a set of 
possible output digit strings. The selection is done based on the value combination of 
(E.164 Number Type, Portability Status). A table has to be present to specify this 
configuration data. 

It shall be possible to specify which Service Control Slot (i.e. Service Control Data 
Sequence Number) of the found entr/ in the single number or range number table is 
to be used in the outbound processing depending on the value combination of (E.164 
Number Type, Portability Status). A table has to be present to specify this configuration 
data. In the future the same principle can be applied to other number parts as well. 

It shall be possible to specify which action is to be done in the outbound digit 
processing depending on the value combination of (E.164 Number Type, Portability 
Status). Possible actions are the type of message to be used, etc. A table has to be 
present to specify this configuration data, in the future the same principle can be 
applied to other number parts as well. 

Table 14 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Normal Completion. 

Table 14 contains the application specific outbound processing in case an entry was 
found in the Single Number or Range Number Table. However, it is possible that no 
entry is found in both tables. This abnormal outbound processing is specified in Table 
15. 
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Table 15 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Abnormal Completion. 

Scenarios: 

Fig. 18 shows a FSM Scenario for a Regular or Imported Subscriber. 
Fig. 19 shows a FSM Scenario for an Illegal Subscriber. 



Fourth embodiment of the invention: 
Fixed SCOP Routing 
Short description: 

This service realizes Number Portability on SCCP level for fixed networks (Signalling 
Relay Function (SRF)). 

Figure 1 depicts the SDL diagram of the Generic Structure of a SAS Application 
Service. 

The three stages ore described in detail as follows: 

• Stage 1 - Inbound Message Analysis: This stage starts with some service specific 
inbound protocol checks. Depending on the NoA (Nature of Address) a specific 
analyse string is chosen. That analyse string describes which auxiliary number 
parts are mandatory or optionally. Then the auxiliary number parts are analysed. 
If found and correct, then remove auxiliary number part from received E.164 or 
MSIN Based number and store it internally. This analysis is done step by step for 
each possible auxiliary number part. If ambiguous then one or more digits are 
requested, depending on service specific configuration items. When the analysis of 
the auxiliary number parts terminates successfully, then the second stage starts. 
Each auxiliary number part is to be stored in a record containing its name, its 



position, its value, and its presence. Inbound Processing is configured based on 
the specification of the received digit string and other application service specific 
configuration items. 

• Stage 2 - Service Decision: Analyse the core port of the received number in the 
Single Number and Range Number tables. Additional digits might be requested. 
The Extended Match Indicator is to be used if required. Sen/ice Decision includes 
also Loop Detection. The Service Decision is executed dependent on configuration 
data items and the Transition Indicator, the Default/Exception Indicator, and the 
Single Number Flag of the Single Number and Range Number tables. 

• Stage 3 - Outbound Message Synthesis: Depending on the result of this database 
query and the inbound processing, the response is generated. Outbound 
processing is configured based on the specification of the digit string to be sent off, 
the Service Control Data Record, the Number Type and the Portability Status, and 
other configuration data items. 



Figure 2 shows Inbound Address Analysis and Inbound Digit Analysis. 
Figure 3 shows Service Decision. 

For those SAS Application Services that are required to search the E.164 or MSIN 
Based Tables for routing information, the following principles apply. The search of the 
E.164 or MSIN Based Tables constitutes the main service decision. Figure 3 depicts 
the SDL diagram of the Service Decision. 

The Evaluation of Database Search indications is a SAS Application Service specific 
matter, also the decision whether or not to perform another SAS Database search. 
Both, the application specific evaluations and the decision for further database 
searches, depend on the SAS Application Service's service logic, configurable items 
and other things. 

Loop Detection is a mechanism to discover inconsistencies in the received data, which 
might be caused by a condition that causes the SS7 message to loop through the SS7 
network. There are two kinds of loop detection: a generic one and an application 
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specific one. The generic one is specified in detail here. The applications specific ones 
are specified at the respective SAS Application Services. 

Figure 1 shows Database Search in E.164 and MSIN Based Single Number and 
Range Number Tables 

Table 1 shovy^s E.164 Single Number Table for the Example. 
Table 2 shov/s E.164 Range Number Table for the Example. 
Table 3 shows Service Control Data Table for the Example. 
Table 4 shows Auxiliary Number Table for the Example. 

Detection of Loops and other Inconsistencies: 

Loop detection is provided to prevent signalling loops within the signalling network. 
Signalling loops may occur when the routing databases in different signalling 
networks contain inconsistent routing information for network subscribers. The ability 
to detect signalling loops is defined within the scope of each SAS Application Service 
and may not be present in all SAS Application Services. Also, the response token to 
the detection of a signalling loop is defined within the scope of each SAS Application 
Service. 

As stated above, there is a Generic Loop Detection mechanism, which applies to 
many SAS Application Service, and there are SAS Application Service specific Loop 
Detection mechanisms. The Generic Loop Detection mechanism is in detail specified 
here. The SAS Application Service specific Loop Detection mechanisms ore outlined 
here and ore specified at the respective SAS Application Service. 

Generic Loop Detection Analysis: 

The generic mechanism for the detection of signalling loops is a two step process and 
requires the co-operation of the underlying switched network in order to succeed. 
First, the underlying switched network will pass any received Inter-Network Routing 
Number to the SAS as part of the concerned address (i.e. the SCCP Called Party 
Address GTAI). This first step signals the SAS Loop Detection algorithm that the 
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signalling message has originated outside of the current signalling network. Secondly, 
the E.l 64 database(s) search must resolve to a combination of the pair (E.l 64 
Number Type, Portability Status) that is marked as a candidate for looping. With these 
two criteria met, the signalling loop is detected. 

This implies, that there has to be configuration table which indicates for each pair 
(E.l 64 Number Type, Portability Status), whether loop detection is to be enabled or 
not. 

As a temporary relaxation of the SAS Loop Detection, the Transition Time capability 
was introduced. This provides a synchronisation period for recent database updates. If 
the Transition Indicator is marked "Transition Time is not yet over", then the SAS Loop 
Detection is either bypassed or relaxed. 



Figure 5 shows Generic Loop Detection Analysis. 





SAS Application 
Service Id 


SAS Database id 


SAS Database Tabie Id 


Number 
Type 


Porta biiity 
Status 


Loop 
Detection 
State And 
Action 


FNP-SRF 


FNP E.l 64 Database 0 


E.l 64 Single Number Table 


MSISDN 


ONNPO 


Disabled 


FNP-SRF 


FNPE.164 Database 0 


E.l 64 Single Number Table 


MSISDN 


ONPO 


Discard, 
Counter 


FNP-SRF 


FNP E.l 64 Database 0 


E.l 64 Single Number Table 


MSISDN 


FNPI 


Discard, 
Counter 


FNP-SRF 


FNP E.l 64 Database 0 


E.l 64 Single Number Table 


MSISDN 


FNP2AFN 


Discard, 
Counter 


FNP-SRF 


FNP E.l 64 Database 0 


E.l 64 Single Number Table 


MSISDN 


FNNK2BP 


Disabled 


FNP-SRF 


FNPE.164 Database 0 


E.l 64 Range Number Table 


MSISDN 


ONNPO 


Discard, 
Counter 


FNP-SRF 


FNPE.164 Database 0 


E.l 64 Range Number Table 


MSISDN 


ONPO 


Disabled 


FNP-SRF 


FNPE.164 Database 0 


E.l 64 Range Number Table 


MSISDN 


FNPI 


Disabled 


FNP-SRF 


FNPE.164 Database 0 


E.l 64 Range Number Table 


MSISDN 


FNP2AFN 


Disabled 


FNP-SRF 


FNP E.l 64 Database 0 


E. 1 64 Range Number Table 


MSISDN 


FNNK2BP 


Discard, 
Counter 


The acronyms for the Portability Status are as follows: 

• ONNPO: Own Number Not Ported Out 

• ONPO: Own Number Ported Out. 

• FNPI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 

• FNNK2BP: Foreign Number Not Known To Be Ported. 



Table 28: Loop Detection Status And Action Configuration Table for the Example. 
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Figure 6 shows Generic Aspects of Outbound Message Synthesis. 

Configuration tables control Outbound Message Synthesis. The configuration tables of 
the Outbound Message Synthesis are illustrated by an example. The SAS Application 
Service is the sanne as the one used above: FNP-Signalling Relay Function (FNP-SRF), 

An Output Address includes the triple (NoAl, Numbering Plan, Digit String). The 
Output Digit String Configuration Table specifies the necessary output digit strings of 
the SAS Application Service, including a NoAl value. The value for Numbering Plan is 
implicitly present in the service logic of the SAS Application Service. Memory has to be 
allocated for the digit string elements of the Output Digit String Configuration Table, 
plus for Natl and Nat2 or Nat. 



Output Digit String Configuration Table 


SAS Application 


Output 


Auxiliary 


Nature of 


Auxiliary Number 


Auxiliary 


Service Id 


Digit 


Number Name 


Address 


Presence 


Number 




String Id 




Indicator 




Position 


FNP-SRF 


1 


INRN 


International 


Modified Input 


Prefix-0 


FNP-SRF 


1 


Natl 


International 


Copy Input 


Natl 



Table 29: Definition of the Output Digit String Configuration Table for the 

Example. 



Output Digit String To Protocol Element Mapping Table 


SAS Application Service Id 


Output Digit String Id 


Protocol Element Id 


Output Digit String Option 


FNP-SRF 


1 


SCCP UDT Messaqe 


1 



Table 30: Output Digit String To Protocol Element Mapping Table for Table 29. 
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Input Digit String To Output Digit String Mapping Table 


SAS Application Service Id 


Output Digit String Id 


Input Digit String Id 


FNP-SRF 


1 


1 


FNP-SRF 


1 


2 


FNP-SRF 


1 


3 


FNP-SRF 


1 


4 



Table 31 : Input Digit String To Output Digit string Mapping Table for Table 29. 



The SAS Application Sen^ice Specific Outbound Processing Configuration Table for 
Normal and Abnormal Completion contains up to 10 Response Actions. One or more 
of these Response Actions can be used to insert configured values at defined positions 
in the output digit string. 

There are the following configurable outbound actions for this Service Handler: 

• Terminate SCCP Message: Calling Party Address and Called Party Address are 
swapped and then the SCCP message is sent back to the STP Core, 

• Relay SCCP Message: Calling Party Address and Called Party Address remain are 
not swapped and then the SCCP message is sent back to the STP Core. 

• Return UDTS / XUDTS / LUDTS Message: based on the received SCCP message 
type, the corresponding Service message type is generated. Calling Party Address 
and Called Party Address are swapped, and then the SCCP message is sent back 
to the STP Core. 

• Forward SCCP Message to other Service Handler. 

• Manipulate output digit string according to contents in SAS Application Service 
Specific Outbound Digit Sting Preparation Configuration Table. 

• Discard Message. 



• Store Message in local SAS file. 
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SAS Application Service Specific Outbound Processing Configuration Table - 

Normal Completion 


SAS Application 
Service Id 


Number 
Type 


Portability 
Status 


Response Action Idl 


Service 
Control Data 
Slot Id 


Output 
Digit 
String 
Id 


Nature off 
Address 
Indicator 


FNP-SRF 


MSISDN 


ONNPO 


Send SCCP UDT 


1 fHLR-SCA]. 


1. 


International 


FNP-SRF 


MSISDN 


ONPO 


Send SCCP UDT 


1 [HLR-SCA] 


1 


International 


FNP-SRF 


MSISDN 


FNPI 


Send SCCP UDT 


1 [HLR-SCA] 


1 


International 


FNP-SRF 


MSISDN 


FNP2AFN 


Send SCCP UDT 


1 [HLR-SCA] 


1 


International 


FNP-SRF 


MSISDN 


FNNK2BP 


Send SCCP UDT 


1 [HLR.SCA] 


1 


international 


The acronyms for the Portability Status are as follows: 

• ONNPO: Own Nunnber Not Ported Out 

• ONPO: Own Number Ported Out. 

• FN PI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 

• FNNK2BP: Foreign Number Not Known To Be Ported. 



Table 32: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Example - Normal Completion. 



SAS Application Service Specific Outbound Processing Configuration Table - 

Abnormal Completion 


SAS Application 
Service Id 


SAS Application 
Specific Abnormal 
Condition Id 


Response Action 
Idl 


Response Action 
Id2 


Output 
Digit 
String Id 


Nature of 
Address 
Indicator 


FNP-SRF 


NO MATCH 


Return SCCP Message 
(Send UDTS) 


SCCP return cause 
value. 


None. 


NULL 


FNP-SRF 


Number is 
ambiguous 


Continue with SCCP 

routing (forward 
incoming SCCP UDT) 


none 


None. 


NULL 





Table 33: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Example - Abnormal Completion. 
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SAS Application Service Specific Outbound Digit String Preparation Configuration Table 


Attribute 


Format 


Values 


Description 


Service , Id w 


(2 Byte ' 

^'v\ ... 


, Any/vblidiSAS ^Application ^ ' 




' Output Digit;Stri ng ^ 


3 Byte; If 




^Paj^ial^J^jgn^ey^ii^ 
itdblef^Sii^S^ppiicali^ 


Output Digit String 
Component Id 


1 Byte 


Any valid common 
encoding of Service 
Control Data Type and 
Auxiliary Number Name. 


This attribute identifies the Output Digit String Element onto which the 
digit preparation applies. It is possible to specif/ here the complete 
Output Digit String by using the mnemonic Total Digit String". 


Cut Position 


1 Byte 


Positive Integer values 0- 
255. 


Effect: 

• 0: The Digit Preparation is specified by means of the Cut Match 
Length/Volue. 

• 1 : Cut Position is before the 1 ** digit. 

• 2: Cut Position is before the 2™* digit. 

• 3: Cut Position is before the 3"* digit. 

• n: Cut Position is before the n*^ digit. 


Cut Length 


1 Byte 


Positive Integer values 0- 
255. 


Effect: 

• 0: delete no digits after the Cut Position. 

• 1 : delete 1 digit after the Cut Position. 

• 2: delete 2 digits after the Cut Position. 

• 3: delete 3 digits after the Cut Position, 

• N: delete n digits after the Cut Position. 


Cut Match Length 


V7 Byte 


Positive Integer values 0- 
15. 


Length in digits of the Cut Match Value. 0 means that there is no Cut 
Match Value. 


Cut Match Value 


7 1/2 Byte 


Digit String with up 1 5 
Digits. 


The Cut Match Value is a sequence of digits, which if found in search 
from left to right, shall be replaced by the Paste Value. 


Paste Length 


V2 Byte 


Positive Integer values 0- 
15. 


Length in digits of the Paste Value. 0 means that there is no Paste Value. 


Paste Value 


7 V2 Byte 


Digit String v/ith up 1 5 
Digits. 


Value which shall be inserted at the Cut Position, or which shall replace 
the Cut Match Value. 





Table 34: Details of the SAS Application Service Specific Outbound Digit String 

Preparation Configuration Table 



Configuration Data: 

Table 1 1 shov/s Details of the Loop Detection Status Configuration Table. 
Configuration Items for Outbound Digits Synthesis: 

Each SAS Application Service shall have a configuration date item, which specifies the 
structure of each possible output digit string on the basis of its general abstract 
structure. Each output digit string is associated to a protocol parameter to which it is 
sent. It is even possible to associate more than one output digit string to a given 
protocol parameter. The structure of the output digit string is specified by the list of its 
auxiliary numbers. The following information shall be specified for each output digit 
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string. Table 12 presents the information necessary to specify an input digit string. 
Table 13 specifies the mapping between the Input Digit String to the Output Digit 
String. Table 14 specifies the mapping between the Output Digit String and the 
Protocol Element. 

Table 12 shows Details of the Output Digit String Configuration Table. 

Table 13 shows Details of the Input Digit String To Output Digit String Mapping Table. 

Table 14 shows Details of the Input Digit String To Protocol Element Mapping Table. 

A single output digit sting shall be able to be selected - based on its Id - from a set of 
possible output digit strings. The selection is done based on the value combination of 
(E.l 64/MSIN Number Type, Portability Status). A table has to be present to specify this 
configuration data. 

It shall be possible to specify which Service Control Slot (i.e. Service Control Data 
Sequence Number) of the found entry in the single number or range number table is 
to be used in the outbound processing depending on the value combination of (E.l 64 
Number Type, Portability Status). A table has to be present to specify this configuration 
data. The same principle can in the future be applied to other number parts as well. 

It shall be possible to specify which action is to be done in the outbound digit 
processing depending on the value combination of (E.l 64 Number Type, Portability 
Status). Possible actions are the type of message to be used, etc. A table has to be 
present to specify this configuration data. The same principle con in the future be 
applied to other number parts as well. 

Table 15 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Normal Completion. 

Table 15 contains the application specific outbound processing in case an entry was 
found in the Single Number or Range Number Table. However, it is possible that no 
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entry is found In both tables. This abnormal outbound processing is contained in 
Table 33. 

Table 16 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Abnormal Completion. 

Scenarios: 

Fig. 20 shows a Query Response Scenario - Direct Response. 

Fig. 21 shows a Query Response Scenario (Unsuccessful) - With SCCP UDTS. 

Fig. 22 shows a Query Response Scenario (Unsuccessful) - Continue With SCCP 
Routing. 

Fifth embodiment of the invention: 

CAP IDP Relay Mobile Number Portability 

Short description 

This service includes CAP IDP Relay MNP (Mobile Number Portability) with optionally 
voice moil. All these combinations are configurable. 

In short, the service use the address information contained in the CAP IDP data to 
interrogate the subscriber database. The contents of the database (i.e. Routing 
Numbers) are inserted into the data layer address information and the IDP message is 
onward routed. 

Figure 1 depicts the SDL diagram of the Generic Structure of the CAP IDP Relay 
Application Sen/ice. 
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The three stages of the Application Service 
Inbound Message Analysis: 

Figure 2 shows Inbound Address Analysis and Inbound Digit Analysis. 



• This stage starts with service specific inbound protocol checks. The evaluation of 
the 'Service Key' parameter and optionally the 'Event Type BCSM' parameter 
allows for only specific CAP IDP operations to be processed. If data is provisioned 
by the user into the CAP IDP parameter "Service Key / Event Type BCSM List" then 
the values of these CAP IDP parameters are compared against the data that is 
provisioned within the list. There will be another check for the Calling Party 
Number parameter. The CAP IDP involves either the 'Called Party BCD Number' 
parameter or the 'Called Party Number' parameter. 

• Depending on the NoAl (Nature of Address) a specific analyse string is chosen. 
That analyse string describes which auxiliary number parts are mandatory or 
optionally. Then the auxiliary number parts are analysed. If found and correct, 
then remove auxiliary number part from received E.164 or MSIN Based number 
and store it internally. This analysis is done step by step for each possible auxiliary 
number part. When the analysis of the auxiliary number parts terminates 
successfully, then the second stage starts. Each auxiliary number part is to be 
stored in a record containing its name, its position, its value, and its presence. 
Inbound Processing is configured based on the specification of the received digit 
string and other application service specific configuration items. If an unsupported 
Nature of Address is received, then the signalling message shall continue with the 
current SCCP routing mechanism. 



Service Decision: 

Figure 1 7 shows Service Decision. 
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This stage analyses the core part of the received number in the Single Number and 
Range Number tables. The Extended Match Indicator is to be used if required. The 
Service Decision is executed dependent on configuration data items and the Transition 
Indicator, the Default/Exception Indicator, and the Single Number Flag of the Single 
Number and Range Number tables. 

For those SAS Application Sen/ices that are required to search the E.164 or MSIN 
Based Tables for routing information, the following principles apply. The search of the 
E.164 or MSIN Based Tables constitutes the main service decision. Figure 17 depicts 
the SDL diagram of the Service Decision. 

Database Search: 

The Evaluotion of Database Search Indication is a SAS Application Sen/ice specific 
matter, also the decision whether or not to perform another SAS Database search. The 
Application Specific Evaluation of Database Search Indications includes some specific 
actions. Both, the application specific evaluations and the decision for further 
database searches, depend on the SAS Application Service's service logic, 
configurable items such as "Open/Closed Numbering Plan", "Block/Single Number 
Dialling", "Request More Digits Yes/No", and other things. 

Figure 4 shows Database Search in E.164 and MSIN Based Single Number and 
Range Number Tables. 

Table 1 shows E.164 Single Number Table for the Example. 

Table 2 shows E.164 Range Number Table for the Example. 

Table 3 shows Service Control Data Table for the Example. 

Table 4 shows Service Control Slots Configuration Table for the Example. 



Outbound Message Synthesis: 
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Depending on the result of this database query and the inbound processing, the 
response is generated. Outbound processing is configured based on the specification 
of the digit string to be sent off, the Service Control Data Record, the Nunnber Type 
and the Portability Status, and other configuration data items. 

Figure 5 shows Generic Aspects of Outbound Message Synthesis. 

Configuration tables control the Outbound Message Synthesis. The configuration 
tables of the Outbound Message Synthesis are illustrated by an example. The SAS 
Application Service is the same as the one used above in the Cap IDP Relay with 
Optional Voice Mail Inter-working. 

An Output Address includes the triple (NoAl, Numbering Plan, Digit String). The 
Output Digit String Configuration Table specifies the necessary output digit strings of 
the SAS Application Service, including a NoAl value. The value for Numbering Plan is 
implicitly present in the service logic of the SAS Application Service. Memory has to be 
allocated for the digit string elements of the Output Digit String Configuration Table, 
plus for Natl and Nat2 or Nat. 



Output Digit String Configuration Table 


SAS Application 


Output 


Auxiliary 


Nature of 


Auxiliary Number 


Auxiliary 


Service Id 


Digit 


Number Name 


Address 


Presence 


Number 




String Id 




Indicator 




Position 


MNP.CAP-RELAY-IW 


1 


INRN 


Subscriber 


Modified Input 


Prefix- 0 


MNP-CAP-RELAY-IW 


1 


ECl 


Subscriber 


Modified Input 


Prefix- 1 


MNP-CAP-RELAY-IW 


1 


Natl 


Subscriber 


Copy Input 


Natl 


MNP.CAP«RELAY-IW 


1 


VMSC-INI 


Subscriber 


Copy Input 


lnfix-0 


MNP-CAP-REIAY-IW 


1 


Nat2 


Subscriber 


Copy Input 


Not? 



Table 35: Definition of the Output Digit String Configuration Table for the 

Example. 



Output Digit String To Protocol Element Mapping Table 


SAS Application Service Id 


Output Digit String Id 


Protocol Element Id 


Output Digit String Option 


MNP-CAP-RELAY-IW 


1 


CAP IDP Relay 


1 



Table 36: Output Digit String to Protocol Element Mapping Table for Table 35. 
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Input Digit String To Output Digit String Mapping Table 


SAS Application Service Id 


Output Digit String Id 


Input Digit String Id 


MNP-CAP-RELAY-tW 


1 


1 


MNP-CAP-RELAY-IW 


1 


2 


MNP-CAP-RELAY-IW 


1 


3 


MNP-CAP-RELAY-IW 


1 


4 



Table 37: Input Digit String to Output Digit String Mapping Table for Table 35. 



The SAS Application Service Specific Outbound Processing Configuration Table for 
Normal and Abnormal Completion contains up to 10 Response Actions. One or more 
of these Response Actions can be used to insert configured values at defined positions 
in the output digit string. 

There is only one configurable outbound action for this Service Handler: 

• Send CAP I DP Relay. The effect is as follows: 

The received CAP IDP operation is relayed exactly as received, except for the 
parameter CalledPartyNumber. Depending on the outcome of the database query 
in the Service Decision Phase, and the field Sen/ice Control Data Slot Id of the SAS 
Application Service Specific Outbound Processing Configuration Tables, the 
parameter CalledPartyNumber is modified by inserting the Inter-Network Routing 
Number. If no value for the Service Control Data Slot Id is provisioned, the 
parameter CalledPartyNumber is not changed. 

• Concatenate with other Service Handler. 

• Discard Message. 

• Store Message in local SAS file. 
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SAS Application Service Specific Outbound Processing Configuration Table - 

Normal Completion 


SAS Application 
Service id 


Number 
Type 


Portability 
Status 


Response Action Idl 


Service 
Control Data 
Slot Id 


Output 

Digit 
String Id 


Nature off 
Address 
Indicator 


MNP-CAP-REIAY-IW 


MSISDN 


ONNPO 


Send CAP IDP (Relay) 
Operation 


None. 


None. 


NULL 


MNP-CAP-RELAY-IW 


MSISDN 


ONPO 


Send CAP IDP (Relay) 
Operation 


0 IINRNl 


■\ 


Si 1 ncf*ri K Ar 


MNP-CAP-RELAY-IW 


MSISDN 


FNPI 


Send CAP IDP (Relay) 
Operation 


0 [INRN] 


1 


Subscriber 


MNP-CAP-RELAY-IW 


MSISDN 


FNP2AFN 


Send CAP IDP (Relay) 
Operation 


0 [INRN] 


1 


Subscriber 


MNP-CAP-RELAY-IW 


MSISDN 


FNNK2BP 


Send CAP IDP (Relay) 
Operation 


None. 


None. 


NULL 


The acronyms for the Portability Status are as follows: 

• ONNPO: Own Number Not Ported Out 

• ONPO: Own Number Ported Out. 

• FN PI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 








• FNNK2BP: Foreig 


n Number Not Known To Be Ported. 









Table 38: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Exannple - Normal Completion. 



SAS Application Service Specific Outbound Processing Configuration Table - 

Abnormal Completion 


SAS Application 
Service Id 


SAS Application 
Speciffic Abnormal 
Condition Id 


Response Action 
Idl 


Response Action 
Id2 


Output 

Digit 
String Id 


Nature of 
Address 
Indicator 


MNP-CAP-RELAY-IW 


NO MATCH 


Send CAP IDP (Relay) 
Operation 


None. 


None. 


NULL 


MNP-CAP-REIAY-IW 


AMBIGOUS 


Send CAP IDP (Relay) 
Operation 


None 


None 


NULL 


MNP-CAP-RELAY-IW 


Error! 


Send CAP IDP (Relay) 
Operation 


None. 


None. 


NULL 





Table 39: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Exannple - Abnormal Completion. 



Configuration Data: 



Configuration Items for Outbound Digits Synthesis: 

Each SAS Application Service shall have a configuration data item, which specifies the 
structure of each possible output digit string on the basis of its general abstract 
structure. Each output digit string is associated to a protocol parameter to which it is 
sent. It is even possible to associate more than one output digit string to a given 
protocol parameter. The structure of the output digit string is specified by the list of its 
auxiliary numbers. The following information shall be specified for each output digit 
string. Table 12 presents the information necessary to specify an input digit string. 
Table 13 specifies the mapping between the Input Digit String to the Output Digit 
String. Table 14 specifies the mapping between the Output Digit String and the 
Protocol Element. 



Table 12 shows Details of the Output Digit String Configuration Table. 

Table 13 shows Details of the Input Digit String to Output Digit String Mapping Table. 

Table 14 shows Details of the Input Digit String to Protocol Element Mapping Table. 

A single output digit sting shall be able to be selected - based on its Id - from a set of 
possible output digit strings. The selection is done based on the value combination of 
(E.164/MSIN Number Type, Portability Status). A table has to be present to specify this 
configuration data. 

It shall be possible to specify which Service Control Slot (i.e. Service Control Data 
Sequence Number) of the found entry in the single number or range number table is 
to be used in the outbound processing depending on the value combination of (E.164 
Number Type, Portability Status). A table has to be present to specify this configuration 
data. The same principle can in the future be applied to other number parts as well. 

It shall be possible to specify which action is to be done in the outbound digit 
processing depending on the value combination of {E.164 Number Type, Portability 
Status). Possible actions are the type of message to be used, etc. A table has to be 
present to specify this configuration data. The same principle can in the future be 
applied to other number parts as well. 



Table 15 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Normal Completion. 

Table 15 contains the application specific outbound processing in case an entry was 
found in the Single Number or Range Number Table. However, it is possible that no 
entry is found in both tables. This abnormal outbound processing is contained in 
Table 39. 

Table 16 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Abnormal Completion. 

Scenarios: 

Fig. 23 shows a Relay Scenario (Successful). 

Fig. 24 shows an alternative Relay Scenario (Successful). 

Fig. 25 shows a Relay Scenario (Unsuccessful). 

Sixth embodiment of the invention: 



INAP IDP Relay (Prepaid l/W) 
Short description: 

This service includes INAP IDP Relay (Prepoid/IAV) with optionally voice mail; IDP = 
Initial DP. All these combinations are configurable. 

In short, the service use the address information contained in the INAP IDP data to 
interrogate the subscriber database. The contents of the database (i.e. Routing 
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Numbers) are inserted into the data layer address information and the IDP message is 
onward routed. 

Figure 1 depicts the SDL diagram of the Generic Structure of the INAP IDP Relay 
Application Service. 



The three stages of the Application Service: 
Inbound Message Analysis: 

Figure 2 shows Inbound Address Analysis and Inbound Digit Analysis. 

• This stage starts with service specific inbound protocol checks. The evaluation of 
the 'Service Key' parameter and optionally the 'Event Type BCSM' parameter 
allows for only specific INAP IDP operations to be processed. If data is provisioned 
by the user into the INAP IDP parameter "Service Key / Event Type BCSM List" then 
the values of these INAP IDP parameters ore compared against the dote that is 
provisioned within the list. There will be another check for the Calling Party 
Number parameter. The INAP IDP involves either the 'Called Party BCD Number' 
parameter or the 'Called Party Number' parameter. 

• Depending on the NoAl (Nature of Address) a specific analyse string is chosen. 
That analyse string describes which auxiliary number parts are mandatory or 
optionally. Then the auxiliary number parts are analysed. If found and correct, 
then remove auxiliary number part from received E.164 or MSIN Based number 
and store it internally. This analysis is done step by step for each possible auxiliary 
number part. When the analysis of the auxiliary number parts terminates 
successfully, then the second stage starts. Each auxiliary number part is to be 
stored in a record containing its name, its position, its value, and its presence. 
Inbound Processing is configured based on the specification of the received digit 
string and other application service specific configuration items. If an unsupported 
Nature of Address is received, then the signalling message shall continue with the 
current SCCP routing mechanism. 
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Service Decision: 

Figure 17 shows Service Decision. 

This stage analyses the core part of the received number in the Single Number and 
Range Number tables. The Extended Match Indicator is to be used if required. The 
Service Decision is executed dependent on configuration data items and the Transition 
Indicator, the Default/Exception Indicator, and the Single Number Flag of the Single 
Number and Range Number tables. 

For those SAS Application Services that are required to search the E.164 or MSIN 
Based Tables for routing information, the following principles apply. The search of the 
E.164 or MSIN Based Tables constitutes the main service decision. Figure 17 depicts 
the SDL diagram of the Service Decision. 

Database Search: 

The Evaluation of Database Search Indication is a SAS Application Service specific 
matter, also the decision whether or not to perform another SAS Database search. The 
Application Specific Evaluation of Database Search Indications includes some specific 
actions. Both, the application specific evaluations and the decision for further 
database searches, depend on the SAS Application Service's service logic, 
configurable items such as "Open/Closed Numbering Plan", "Block/Single Number 
Dialling", "Request More Digits Yes/No", and other things. 

Figure 4 shows Database Search in E.164 and MSIN Based Single Number and 
Range Number Tables. 

Table 1 shows E.164 Single Number Table for the Example. 

Table 2 shows E.164 Range Number Table for the Example. 

Table 3 shows Service Control Data Table for the Example. 

Table 4 shows Service Control Slots Configuration Table for the Example. 
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Outbound Message Synthesis: 

Depending on the result of this database query and the inbound processing, the 
response is generated. Outbound processing is configured based on the specification 
of the digit string to be sent off, the Service Control Data Record, the Number Type 
and the Portability Status, and other configuration data itenns. 

Figure 5 shows Generic Aspects of Outbound Message Synthesis. 

Configuration tables control the Outbound Message Synthesis. The configuration 
tables of the Outbound Message Synthesis are illustrated by an example. The SAS 
Application Sen/ice is the same as the one used above in the INAP IDP Relay with 
Optional Voice Mail Inter- working. 

An Output Address includes the triple (NoAl, Numbering Plan, Digit String). The 
Output Digit String Configuration Table specifies the necessary output digit strings of 
the SAS Application Service, including a NoAl value. The value for Numbering Plan is 
implicitly present in the service logic of the SAS Application Service. Memory has to be 
allocated for the digit string elements of the Output Digit String Configuration Table, 
plus for Natl and Nat2 or Nat. 



Output Digit String Configuration Table 



SAS Application 


Output 


Auxiliary 


Nature of 


Auxiliary Number 


Auxiliary 


Service Id 


Digit 


Number Name 


Address 


Presence 


Number 




String Id 




Indicator 




Position 


INAP-IDP-RELAY-I/W 


1 


INRN 


Subscriber 


Modified Input 


Prefix-0 


INAP-IDP-RELAY-I/V/ 


1 


ECl 


Subscriber 


Modified Input 


Prefix- 1 


INAP-IDP-REIAY-I/W 


1 


Natl 


Subscriber 


Copy Input 


Natl 


INAP-IDP-RELAY-I/W 


1 


VMSC-INI 


Subscriber 


Copy Input 


lnfix-0 


INAP-IDP-RELAY-I/W 


1 


Nat2 


Subscriber 


Copy Input 


Nat2 



Table 40: Definition of the Output Digit String Configuration Table for the 

Example. 
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Output Digit String To Protocol Element Mapping Table 



SAS Application Service Id 


Output Digit String Id 


Protocol Element Id 


Output Digit String Option 


INAP-IDP-RELAY-IAV 


1 


INAP IDP Relay 


1 



Table 41 : Output Digit String to Protocol Element Mapping Table for Table 40. 



Input Digit String To Output Digit String Mapping Table 


SAS Application Service Id 


Output Digit String Id 


Input Digit String Id 


INAP-IDP-RELAY-I/W 


1 


1 


INAP-IDP-RELAY-l/W 


1 


2 


INAP-IDP-RELAY-I/W 


1 


3 


INAP-IDP-RELAY-I/W 


1 


4 



Table 42: Input Digit String to Output Digit String Mapping Table for Table 40. 



The SAS Application Service Specific Outbound Processing Configuration Table for 
Normal and Abnormal Completion contains up to 10 Response Actions. One or more 
of these Response Actions can be used to insert configured values at defined positions 
in the output digit string. 

There are only two configurable outbound actions for this Service Handler: 

• Send INAP IDP Relay. The effect is as follows: 

The received INAP IDP operation is relayed exactly as received, except for the 
parameter Co I led Pa rtyN umber. Depending on the outcome of the database query 
in the Service Decision Phase, and the field Service Control Data Slot Id of the SAS 
Application Service Specific Outbound Processing Configuration Tables, the 
parameter Called PartyNumber is modified by inserting the Inter-Network Routing 
Number. If no value for the Service Control Data Slot Id is provisioned, the 
parameter CalledPartyNumber is not changed. 

• Concatenate with other Service Handler. 

• Discard Message. 

• Store Message in local SAS file. 
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SAS Application Service Specific Outbound Processing Configuration Table <- 

Normal Completion 


SAS Application 
Service Id 


Number 
Type 


Portability 
Status 


Response Action Idl 


Service 
Control Data 
Slot id 


Output 

Digit 
String id 


Nature of 
Address 
Indicator 


INAP-IDP-REIAY-IAV 


MSISDN 


ONNPO 


Send INAP IDP (Relay) 
Operation 


None. 


None. 


NULL 


INAP-IDP-RELAY-I/W 


MSISDN 


ONPO 


Send INAP IDP (Relay) 
Operation 


0 [INRN] 




S L J h^pr 1 h tf* r 


INAP-IDP-RELAY-I/W 


MStSDN 


FNPI 


Send INAP IDP (Relay) 
Operation 


0 [INRN] 


1 


Subscriber 


1NAP-fDP-RELAY-l/W 


MSISDN 


FNP2AFN 


Send INAP IDP (Relay) 
Operation 


0 [INRN] 


1 


Subscriber 


INAP-IDP-RELAY-IAV 


MSISDN 


FNNK2BP 


Send INAP IDP (Relay) 
Operation 


None. 


None. 


NULL 


The acronyms for the Portability Status are as follows: 

• ONNPO: Own Number Not Ported Out 

• ONPO: Own Number Ported Out. 

• FNPI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 








• FNNK2BP: Foreig 


n Number Not Known To Be Ported, 









Table 43: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Example - Normal Completion. 



SAS Application Service Specific Outbound Processing Configuration Table - 

Abnormal Completion 


SAS Application 
Service Id 


SAS Application 
Specific Abnormal 
Condition Id 


Response Action 
Idl 


Response Action 
Id2 


Output 

Digit 
String Id 


Nature of 

Address 
Indicator 


INAP-IDP-RELAY-IAV 


NO AAATCH 


Send INAP IDP (Relay) 
Operation 


None. 


None. 


NULL 


INAP-IDP-RELAY-I/W 


AMBIGOUS 


Send INAP IDP (Relay) 
Operation 


None 


None 


NULL 


INAP-IDP-RELAY-I/W 


Errorl 


Send INAP IDP (Relay) 
Operation 


None. 


None. 


NULL 





Table 44: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Example - Abnormal Completion. 
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Configuration Data: 

Configuration Items for Outbound Digits Synthesis: 

Each SAS Application Service shall have a configuration data item, which specifies the 
structure of each possible output digit string on the basis of its general abstract 
structure. Each output digit string is associated to a protocol parameter to v^hich it is 
sent. It is even possible to associate more than one output digit string to a given 
protocol parameter. The structure of the output digit string is specified by the list of its 
auxiliary numbers. The following information shall be specified for each output digit 
string. Table 12 presents the information necessary to specify an input digit string. 
Table 13 specifies the mapping between the Input Digit String to the Output Digit 
String. Table 14 specifies the mapping between the Output Digit String and the 
Protocol Element. 

Table 12 shows Details of the Output Digit String Configuration Table. 

Table 13 shows Details of the Input Digit String to Output Digit String Mapping Table. 

Table 14 shows Details of the Input Digit String to Protocol Element Mapping Table. 

A single output digit sting shall be able to be selected - based on its Id - from a set of 
possible output digit strings. The selection is done based on the value combination of 
(E.l 64/MSIN Number Type, Portability Status). A table has to be present to specify this 
configuration data. 

It shall be possible to specify which Service Control Slot (i.e. Service Control Data 
Sequence Number) of the found entry in the single number or range number table is 
to be used in the outbound processing depending on the value combination of (E.l 64 
Number Type, Portability Status). A table has to be present to specify this configuration 
data. The same principle can in the future be applied to other number parts as well. 
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It shall be possible to specify which action is to be done in the outbound digit 
processing depending on the value combination of (E.164 Number Type, Portability 
Status). Possible actions are the type of message to be used, etc. A table has to be 
present to specify this configuration data. The same principle can in the future be 
applied to other number parts as well. 

Table 15 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Normal Completion. 

Table 15 contains the application specific outbound processing in case an entry was 
found in the Single Number or Range Number Table. However, it is possible that no 
entry is found in both tables. This abnormal outbound processing is contained in 
Table 44. 

Table 16 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table — Abnormal Completion. 

Scenarios: 

Fig. 26 shows a Relay Scenario (Successful). 

Fig. 27 shows an alternative Relay Scenario (Successful). 

Fig. 28 shows a Relay Scenario (Unsuccessful). 



Seventh embodiment of the invention: 



Mobile SCCP Routing 
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Short description: 

This sen^ice realizes Number Portability on SCCP level for mobile networks (e.g. 
Signalling Relay Function (SRF), Non Call Related Sen^ice (NCR), Flexible Routing 
(FLR)). 

Figure 1 depicts the SDL diagram of the Generic Structure of a SAS Application 
Service. 

The three stages are described in detail as follows: 

• Stage 1 - Inbound Message Analysis: This stage starts with some service specific 
inbound protocol checks. Depending on the NoA (Nature of Address) a specific 
analyse string is chosen. That analyse string describes which auxiliary number 
parts are mandatory or optionally. Then the auxiliary number parts are analysed. 
If found and correct, then remove auxiliary number part from received E.164 or 
MSIN Based number and store it internally. This analysis is done step by step for 
each possible auxiliary number part. If ambiguous then one or more digits are 
requested, depending on service specific configuration items. When the analysis of 
the auxiliary number parts terminates successfully, then the second stage starts. 
Each auxiliary number part is to be stored in o record containing its name, its 
position, its value, and its presence. Inbound Processing is configured based on 
the specification of the received digit string and other application service specific 
configuration items. 

• Stage 2 - Service Decision: Analyse the core part of the received number in the 
Single Number and Range Number tables. Additional digits might be requested. 
The Extended Match Indicator is to be used if required. Service Decision includes 
also Loop Detection. The Service Decision is executed dependent on configuration 
data items and the Transition Indicator, the Default/Exception Indicator, and the 
Single Number Flag of the Single Number and Range Number tables. 

• Stage 3 - Outbound Message Synthesis: Depending on the result of this database 
query and the inbound processing, the response is generated. Outbound 
processing is configured based on the specification of the digit string to be sent off. 
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the Service Control Data Record, the Number Type and the Portability Status, and 
other configuration data items- 



Figure 2 shows Inbound Address Analysis and Inbound Digit Analysis. 
Figure 3 shows Service Decision. 

For those SAS Application Services that are required to search the E.164 or MSIN 
Based Tables for routing information, the following principles apply. The search of the 
E.164 or MSIN Based Tables constitutes the main service decision. Figure 3 depicts 
the SDL diagram of the Service Decision. 

The Evaluation of Database Search Indications is a SAS Application Service specific 
matter, also the decision whether or not to perform another SAS Database search. 
Both, the application specific evaluations and the decision for further database 
searches, depend on the SAS Application Service's service logic, configurable items 
and other things. 

Loop Detection is a mechanism to discover inconsistencies in the received data, which 
might be caused by a condition that causes the SS7 message to loop through the SS7 
network. There are two kinds of loop detection: a generic one and an application 
specific one. The generic one is specified in detail here. The applications specific ones 
are specified at the respective SAS Application Services. 

Figure 4 shows Database Search in E.164 and MSIN Based Single Number and 
Range Number Tables. 

Table 1 shows E.164 Single Number Table for the Example. 

Table 2 shows E.164 Range Number Table for the Example. 

Table 3 shows Service Control Data Table for the Example. 
Table 4 shows Auxiliary Number Table for the Example. 
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Detection of Loops and other Inconsistencies: 

Loop detection is provided to prevent signolling loops within the signalling network. 
Signalling loops may occur when the routing databases in different signalling 
networks contain inconsistent routing information for network subscribers. The ability 
to detect signalling loops is defined within the scope of each SAS Application Service 
and may not be present in all SAS Application Services. Also, the response taken to 
the detection of a signalling loop is defined within the scope of each SAS Application 
Service. 

As stated above, there is a Generic Loop Detection mechanism, which applies to 
many SAS Application Service, and there are SAS Application Service specific Loop 
Detection mechanisms. The Generic Loop Detection mechanism is in detail specified 
here. The SAS Application Service specific Loop Detection mechanisms are outlined 
here and are specified at the respective SAS Application Service. 

Generic Loop Detection Analysis: 

The generic mechanism for the detection of signalling loops is a two step process and 
requires the co-operation of the underlying switched network in order to succeed. 
First, the underlying switched network will pass any received Inter-Network Routing 
Number to the SAS as part of the concerned address (i.e. the SCCP Called Party 
Address GTAI). This first step signals the SAS Loop Detection algorithm that the 
signalling message has originated outside of the current signalling network. Secondly, 
the E.164 database(s) search must resolve to a combination of the pair (E.I 64 
Number Type, Portability Status) that is marked as a candidate for looping. With these 
two criteria met, the signalling loop is detected. 

This implies, that there has to be configuration table which indicates for each pair 
(E.164 Number Type, Portability Status), whether loop detection is to be enabled or 
not. 

As a temporary relaxation of the SAS Loop Detection, the Transition Time capability 
was introduced. This provides a synchronisation period for recent database updates. If 
the Transition Indicator is marked "Transition Time is not yet over", then the SAS Loop 
Detection is either bypassed or relaxed. 
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Figure 5 shows Generic Loop Detection Analysis. 





SAS Application 
Service Id 


SAS Database Id 


SAS Database Table Id 


Number 
Type 


Portobility 
Status 


Loop 
Detection 
State And 
Action 


MNP-NCR 


MNP E.I 64 Database 0 


E.164 Single Number Table 


MSISDN 


ONNPO 


Disabled 


MNP-NCR 


MNP c. 164 Database 0 


C.I 64 Dingle Number Table 


MSI5DN 


ONPO 


Discard, 
Counter 


MNP-NCR 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


FNPI 


Discard, 
Counter 


MNP-NCR 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


FNP2AFN 


Discard, 
Counter 


MNP-NCR 


MNP E.164 Database 0 


E.164 Single Number Table 


MSISDN 


FNNK2BP 


Disabled 


MNP-NCR 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


ONNPO 


Discard, 
Counter 


MNP-NCR 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


ONPO 


Disabled 


MNP-NCR 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


FNPI 


Disabled 


MNP-NCR 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


FNP2AFN 


Disabled 


MNP-NCR 


MNP E.164 Database 0 


E.164 Range Number Table 


MSISDN 


FNNK2BP 


Discard, 
Counter 


The acronyms for the Portabilily Status are as follows: 

• ONNPO: Own Nunnber Not Ported Out 

• ONPO: Own Number Ported Out. 

• FNPI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 

• FNNK2BP: Foreign Number Not Known To Be Ported. 



Table 45: Loop Detection Status And Action Configuration Table for the Example. 



Figure 6 shows Generic Aspects of Outbound Message Synthesis. 

Configuration tables control Outbound Message Synthesis. The configuration tables of 
the Outbound Message Synthesis are illustrated by an example. The SAS Application 
Service is the same as the one used above: MNP-Non Call Related Service (MNP- 
NCR). 

An Output Address includes the triple (NoAl, Numbering Plan, Digit String). The 
Output Digit String Configuration Table specifies the necessary output digit strings of 
the SAS Application Service, including a NoAl value. The value for Numbering Plan is 
implicitly present in the service logic of the SAS Application Service. Memory has to be 
allocated for the digit string elements of the Output Digit String Configuration Table, 
plus for Natl and Nat2 or Nat. 
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Output Digit String Configuration Table 


SAS Application 


Output 


Auxiliary 


Nature of 


Auxiliary Number 


Auxiliary 


Service Id 


Digit 


Number Name 


Address 


Presence 


Number 




String Id 




indicator 




Position 


MNP-NCR 


1 


INRN 


International 


Modifjed Input 


Prefix-0 


MNP-NCR 


1 


Natl 


International 


Copy Input 


Natl 



Table 46: Definition of the Output Digit String Configuration Table for the 

Example. 



Output Digit String To Protocol Element Mapping Table 


SAS Application Service Id 


Output Digit String Id 


Protocol Element Id 


Output Digit String Option 


MNP-NCR 


1 


SCCP UDT Message 


1 



Table 47: Output Digit String To Protocol Element Mapping Table for Table 46. 



Input Digit String To Output Digit String Mapping Table 


SAS Application Service Id 


Output Digit String Id 


Input Digit String Id 


MNP-NCR 


1 


1 


MNP-NCR 


1 


2 


MNP-NCR 


1 


3 


MNP-NCR 


1 


4 



Table 48: Input Digit String To Output Digit string Mapping Table for Table 46. 



The SAS Application Service Specific Outbound Processing Configuration Table for 
Normal and Abnormal Completion contains up to 10 Response Actions. One or more 
of these Response Actions can be used to insert configured values at defined positions 
in the output digit string. 

There are the following configurable outbound actions for this Service Handler: 

• Terminate SCCP Message: Calling Party Address and Called Party Address ore 
swapped and then the SCCP message is sent back to the STP Core. 



Relay SCCP Message: Calling Party Address and Called Party Address remain are 
not swapped and then the SCCP message is sent back to the STP Core. 
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• Return UDTS / XUDTS / LUDTS Message: based on the received SCCP message 
type, the corresponding Service message type is generated. Calling Party Address 
and Called Party Address are swapped, and then the SCCP message is sent back 
to the STP Core. 

• Forward SCCP Message to other Service Handler. 

• Discard Message. 

• Store Message in local SAS file. 



SAS Application Service Specific Outbound Processing Configuration Table - 

Normal Completion 


SAS Application 
Service Id 


Number 
Type 


Portability 
Status 


Response Action Idl 


Service 
Control Data 
Slot Id 


Output 
Digit 
String 
Id 


Nature of 
Address 
Indicator 


MNP-NCR 


MSISDN 


ONNPO 


Send SCCP UDT 


1 [HLR-SCA]. 


1. 


International 


MNP-NCR 


MSISDN 


ONPO 


Send SCCP UDT 


1 [HLR-SCA] 


1 


International 


MNP-NCR 


MSISDN 


FNPI 


Send SCCP UDT 


1 [HLR-SCA) 


1 


International 


MNP-NCR 


MSISDN 


FNP2AFN 


Send SCCP UDT 


1 [HLR-SCA] 


^ 


International 


MNP-NCR 


MSISDN 


FNNK2BP 


Send SCCP UDT 


1 [HLR-SCA] 


1 


International 


The acronyms for the Portability Status are as follows: 

• ONNPO: Own Number Not Ported Out 

• ON PC: Own Number Ported Out. 

• FNPI: Foreign Number Ported In. 

• FNP2AFN: Foreign Number Ported To Another Foreign Network. 

• FNNK2BP: Foreign Number Not Known To Be Ported. 



Table 49: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Example - Normal Completion. 
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SAS Application Service Specific Outbound Processing Configuration Table - 

Abnormal Completion 


SAS Application 
Service Id 


SAS Appiicafion 
Specific Abnormal 
Condition Id 


Response Action 
Idl 


Response Action 
Id2 


Output 

Digit 
String Id 


Nature off 
Address 
Indicator 


MNP-NCR 


NO MATCH 


Return SCCP Message 
(Send UDTS) 


SCCP return couse 
value. 


None. 


NULL 


MNP-NCR 


Number is 

ambiguous 


Continue with SCCP 

routing (forward 
incoming SCCP UDT) 


none 


None. 


NULL 





Table 50: Definition of the SAS Application Service Specific Outbound Processing 
Configuration Table for the Example - Abnormal Completion. 



Configuration Data: 

Table 1 1 shows Details of the Loop Detection Status Configuration Table- 
Configuration Items for Outbound Digits Synthesis: 

Each SAS Application Service shall have a configuration data item, which specifies the 
structure of each possible output digit string on the basis of its general abstract 
structure. Each output digit string is associated to a protocol parameter to which it is 
sent. It is even possible to associate more than one output digit string to a given 
protocol parameter. The structure of the output digit string is specified by the list of its 
auxiliary numbers. The following information shall be specified for each output digit 
string. Table 12 presents the information necessary to specify an input digit string. 
Table 13 specifies the mapping between the Input Digit String to the Output Digit 
String. Table 14 specifies the mapping between the Output Digit String and the 
Protocol Element. 

Table 12 Details of the Output Digit String Configuration Table. 

Table 13 Details of the Input Digit String To Output Digit String Mapping Table. 

Table 14 Details of the Input Digit String To Protocol Element Mapping Table. 
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A single output digit sting shall be able to be selected - based on its Id - from a set of 
possible output digit strings. The selection is done based on the value combination of 
(E.164/MSIN Number Type, Portability Status). A table has to be present to specify this 
configuration data. 

It shall be possible to specify which Service Control Slot (i.e. Service Control Data 
Sequence Number) of the found entry in the single number or range number table is 
to be used in the outbound processing depending on the value combination of (E.164 
Number Type, Portability Status). A table has to be present to specify this configuration 
data. The same principle can in the future be applied to other number parts as well. 

It shall be possible to specify which action is to be done in the outbound digit 
processing depending on the value combination of (E.164 Number Type, Portability 
Status). Possible actions are the type of message to be used, etc. A table has to be 
present to specify this configuration data. The same principle can in the future be 
applied to other number parts as well. 

Table 15 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Normal Completion. 

Table 15 contains the application specific outbound processing in case an entry was 
found in the Single Number or Range Number Table. However, it is possible that no 
entry is found in both tables. This abnormal outbound processing is contained in 
Table 50. 

Table 16 shows Details of the SAS Application Service Specific Outbound Processing 
Configuration Table - Abnormal Completion. 

Scenarios: 

Fig. 29 shows a Query Response Scenario - Direct Response. 

Fig. 30 shows a Query Response Scenario - Terminate TCAP Dialogue (depending on 
portability status). 
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Fig. 31 shows a Query Response Scenario (Unsuccessful) - With SCCP UDTS. 

Fig. 32 shows a Query Response Scenario (Unsuccessful) - Continue With SCCP 
Routing. 

In oil seven embodiments of the invention the specific configurations in the tables are 
examples. Other configurations are possible. The specific scenarios are also 
examples. Other scenarios are possible. 

The SAS and the SS7 signaling server ore each able to process at least one SAS 
Application Service request. The SAS may process one, two, three, or seven 
different SAS Application Service requests according to the seven embodiments of the 
invention, thus implementing part of the embodiments or all seven at the same time, 
or may process alternatively or in addition other service requests. The functionality of 
the SAS can easily be modified by software reprogramming and reconfiguration. The 
same applys to the SS7 signaling server. 



